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(54) Flip chip assembly structure for semiconductor device and method of assembling therefor 



(57) A semiconductor device includes a semicon- 
ductor chip (1) and a printed circuit board (4). Metal elec- 
trodes (2) of the semiconductor chip (1 ) and the internal 
connection terminals (5) of the printed circuit board (4) 
are electrically connected through the metallic joining 
via precious metal bumps (3). A melting point of a metal 
material constituting each of the metallic joining parts is 
equal to or higher than 275 degrees, and a space de- 
fined between the chip and the board is filled with resin 
(underfill) containing 50 vol% or more inorganic fillers. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to flip chip as- 
sembly structure for a semiconductor chip in which each 
of precious metal bumps is employed as a material for 
electrical connection. 

Description of the Related Art 

[0002] As for the conventional flip chip assembly 
method employing Au bumps, 1) the assembly method 
wherein insulating resin is applied to an insulating 
board, the position of the insulating board is made align 
with the position of a semiconductor element, the load 
is applied to make the projection electrodes of the sem- 
iconductor element contact the conductor wiring of the 
insulating board and also then the insulating resin is 
cured to carry out the connection is described in JP^A- 
2-28946, and 2) the assembly method wherein the heat- 
ing is carried out through an anisotropic conductive ad- 
hesive and also both of the pressure and the ultrasonic 
wave are applied to connect bumps which are formed 
on a chip and electrodes of a board to each other is de- 
scribed in JP-A-1 1-26922. In addition, 3) the assembly 
method wherein bumps which are formed on a chip and 
connection parts of a board are connected to each other 
by the heating and the application of the pressure while 
applying thereto the ultrasonic wave is described in 
JP-A-1 0-107078. 

SUMMARY OF THE INVENTION 

[0003] In the light of the foregoing, the present inven- 
tion has been made in order to solve the above-men- 
tioned problems associated with the prior art, and it is 
therefore an object of the present invention to provide, 
in assembly structure in which a chip is mounted to a 
printed circuit board in a face down manner, flip chip as- 
sembly structure in which the temperature cycle reliabil- 
ity and the electrical characteristics of the electrical con- 
nection parts are excellent. 

[0004] In addition, it is another object of the present 
invention to provide, in a method of flip-chip mounting a 
semiconductor chip having a plurality of precious metal 
bumps formed thereon to a printed circuit board, a flip 
chip assembly method, having high productivity and 
high joining reliability, wherein the metal joining between 
precious metal bumps and internal connection terminals 
of a printed circuit board, and filling a space defined be- 
tween the chip and the board with resin can be carried 
out in one process, electrical resistances of the connec- 
tion parts can be reduced, and the under fill filling which 
is void free can be made using resin having a high filler 
containing rate. 



[0005] In the assembly structure by the conventional 
assembly method 1), it is difficult due to the problem 
such as the heat resistance or the like of the-under fill 
resin to increase the heating temperature so that the 

5 metallic joining between the bumps and the pads (in the 
present specification, the joining at the atom level is re- 
ferred to as the metal joining) is not achieved. In addi- 
tion, since resin is left on the interface, the contact re- 
sistance becomes considerably large and is in the range 

10 of several tens to one hundred and several tens ma. In 
the future, a semiconductor chip has a tendency in 
which the low voltage driving will advance more and 
more. In such a case, if the connection resistance is 
large, then it becomes difficult to operate normally the 

15 circuits on the chop. In addition, the loss due to the re- 
sistances in the connection parts is large, and hence it 
becomes a problem in terms of the power consumption. 
Also, if resin draws the moisture to expand under the 
environment of the high temperature and the high hu- 

20 midity then the resistance is increased, and in the ex- 
treme case, themalconduction is caused. This becomes 
a problem in terms of the reliability as well. 
[0006] In the assembly structure by the conventional 
assembly method 2), since the electrical conduction is 

25 ensured on the basis of the contact between the elec- 
trically conductive particles, there arises a problem that 
it is difficult to achieve the metal joining and hence the 
electrical resistance in each of the connection parts is 
large. In addition, when each of the bumps becomes 

30 minute, the number of electrically conductive particles 
which are catched fluctuates, and hence there is the 
possibility that the electrical characteristics of the con- 
nection parts become unstable. 

[0007] In addition, in the assembly structure by the 

35 conventional assembly method 3) : since while the metal 
joining is achieved, in this method, resin is not previously 
filled into the space defined between the chip and the 
board, there is adopted the process wherein after com- 
pletion of the metal joining, liquid resin is led into that 

40 space by utilizing the capillary phenomenon to fill the 
under fill. In the assembly structure by this method, 
when the chip area becomes large or when the gap de- 
fined between the chip and the board becomes small, 
there arises a problem that the air layer is left due to the 

45 fact that the speed at which the resin flows thereinto dif- 
fers depending on the places so that the void defects 
may be easy to be generated. In addition, in the extreme 
case, it may be difficult to fill resin in itself therein in some 
cases. In particular, this problem becomes more re- 

so markable as the containing rate of inorganic fillers be- 
comes higher which is mixed therewith in order to re- 
duce the coefficient of thermal expansion. 
[0008] By the way, by the void discussed herein is 
meant the void having the size (the diameter is about 

55 30 p,m) in which the force which is caused by the volume 
expansion (cubical expansion) (1.2 x 10 3 times) when 
water is changed from liquid to gas and which serves to 
expand the space defined between the chip and the 
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board exceeds 1/1 0 (1 g) of the level at which one bump 
joining part is peeled off. 

[0009] According to one aspect of the present inven- 
tion, there is provided flip chip assembly structure in- 
cluding: a semiconductor chip having a circuit for 
processing electrical signals; electrodes which are pro- 
vided on the semiconductor chip; bumps which are re- 
spectively formed on the electrodes; internal connection 
terminals through which the electrical signal is fetched 
from the associated ones of the electrodes via the as- 
sociated ones of the bumps; and a printed circuit board 
on which the internal connection terminals are provided, 
wherein a semi-cured resin sheet which is softened by 
the heating is inserted into the space defined between 
the semiconductor chip and the printed circuit board, 
and the load is applied thereto, the heating is carried out 
and the ultrasonic wave vibration is applied so that the 
bumps and the internal connection terminals are metal- 
lically joined to each other. 

[0010] It is desirable that each of the bumps is made 
of precious metal. In particular, Au is desirably employed 
therefor. 

[0011] In addition, it is preferable that the melting 
point of a metal material of which each of the metallically 
joined connection parts is made is equal to or higher 
than 270 degrees. The present invention may provide 
that the resin sheet which is inserted into the space de- 
fined between the semiconductor chip and the printed 
circuit board contains 50 vol% or more inorganic fillers. 
[001 2] In addition, the metallic electrodes of the sem- 
iconductor chip and the internal connection terminals of 
the printed circuit board are electrically connected to 
each other through the precious metal bumps by the 
metal joining; the melting point of a metal material of 
which each of the connection parts is made is equal to 
or higher than 275 degrees; the resin (under fill) con- 
taining 50 vol% or more inorganic fillers is led into the 
space defined between the chip and the board; resin is 
formed in such a way as to become void-free; and the 
fluctuation, of the containing rate of inorganic fillers con- 
tained in resin, which is dependent of the places is made 
equal to or lower than 1 0 % or less (with respect to the 
definition of the fluctuation, the fluctuation of the filler 
containing rate is obtained by cutting out resin of 1 mil- 
limeters square from an arbitrary place within the chip 
surface, and the value which is obtained by dividing the 
difference between the maximum value and the mini- 
mum value thus obtained from that fluctuation by the 
mean containing rate is expressed in the form of the fluc- 
tuation rate). 

[0013] In addition, according to the present invention, 
there is provided a method wherein projection bumps, 
made of precious metal, each of which has a projection 
type shape are respectively formed on electrodes of a 
semiconductor chip; precious metal is formed on the 
surfaces of internal connection terminals of a printed cir- 
cuit board; a thermosetting resin sheet which has been 
semi-cured by mixing therewith fine inorganic fillers is 



attached to a predetermined position of the printed cir- 
cuit board; the printed circuit board is set on a heat 
stage; the chip is mounted thereto in a face down man- 
ner with the bumps and the internal connection termi- 

5 nals aligned with each other; a heated joining tool for 
applying the ultrasonic wave and the load is pressed 
against the chip from the upper side by a predetermined 
force; and after the precious metal bumps have been 
buried in the resin sheet, which was softened by the 

io heating, to come into contact with the connection pads, 
respectively, the precious metal bumps are crushed to 
be metallically joined to the pads, respectively, while 
pushing out a part of the resin sheet from the part be- 
tween the chip and the board to the outside by applying 

15 thereto the ultrasonic wave vibration. 

[001 4] According to this method, since the bonding is 
carried out while pushing out a part of resin from the part 
between the chip and the board, the generation of the 
voids each having a size equal to or larger than the 

20 space defined between the chip and the board can be 
prevented with the probability of 100 %. Further, if even 
when thefiller containing rate is high, this rate falls within 
the range in which the sheet can be produced, the space 
defined between the chip and the board is filled with the 

25 fillers with the fillers uniformly dispersed, in that space. 
Thus, the assembly in which the filling quality of organic 
resin is fixed becomes possible. In thisimethod, since 
resin which is excellent in the thermal stability and the 
hygroscopic property can be used irrespective of theflu- 

30 idity, there are offered the advantages that the high tem- 
perature stability of resin after completion of the curing 
processing by the baking can be enhanced, and also 
the problem of the corrosion or the like under the high 
temperature and high humidity environment due to the 

35 material generated through the thermal decomposition 
of resin, and the problem of the degradation of resin due 
to the hydrolysis can be reduced. 
[0015] On the other hand, in the method employing 
that resin sheet, since resin lies between the bumps and 

40 the terminals, there is the possibility that a problem aris- 
es in the joining between the bumps and the pads. In 
actual, the metallic joining can not be achieved due to 
the remaining thin resin layer by the compression joining 
which is simply based on the heating and the application 

45 of the pressure. For this reason, there arise a problem 
that the contact resistance of the connection part is in- 
creased up to several tens to several hundreds m£2, and 
a problem that the breaking of wire(s) is easy to occur 
due to the long term change, the expansion change re- 

50 suiting from the moisture drawing and the like of resin. 
Then, in the present invention, in order to achieve the 
metallic joining, there has been desired a method utiliz- 
ing the ultrasonic wave vibration provided by a novel 
joining machine. As a result, resin can be exhausted 

55 from the composition interfaces between the bumps and 
the internal connection terminals to achieve the metallic 
joining. The details of the connection machine will be 
described later. 
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[0016] While in the above description, the specific 
case where each of the pad surfaces on the board side 
is made of the precious metal film has been described, 
even when each of the pad surfaces on the board side 
is made of a low-melting point film, by adopting the same 
assembly method, the underfill which has the high filler 
filling rate and the high molecular weight can be filled in 
the space defined between the chip and the board in the 
void free manner and also the connection part having a 
low resistance and high temperature reliability can be 
realized. The reason that the high temperature reliability 
of the joining parts can be enhanced is that in the ultra- 
sonic wave flip chip joining process, low-melting metal 
or an eutectic alloy which has been melted can be ex- 
hausted from the composition interfaces to provide the 
structure in which the joining is carried out using only 
high-melting point metal or a high-melting point alloy. 
[0017] As has been described in detail, according to 
the present invention, it is possible to provide flip chip 
assembly structure in which the electrical connection 
parts are excellent in the heat resistance and the elec- 
trical characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS. 

[001 8] The above and other objects as well as advan- 
tages of the present invention will become clear by the 
following description of the preferred embodiments of 
the present invention with reference to the accompany- 
ing drawings, wherein: 

Fig. 1 is a schematic view useful in explaining an 
embodiment of a flip chip assembling method ac- 
cording to the present invention; 
Fig. 2 is a schematic view useful in explaining an 
embodiment of a time chart of the flip chip assem- 
bling method according to the present invention; 
Fig. 3 is a schematic view useful in explaining the 
joining progress process of the flip chip assembling 
method according to the present invention; 
Fig. 4 is a schematic view showing an embodiment 
of a joining machine for implementing the flip chip 
assembly method according to the present inven- 
tion; 

Fig. 5 is a schematic view showing an embodiment 
of the detailed construction of the flip chip joining 
machine according to the present invention; 
Fig. 6 is a schematic view showing an organic tape 
supplying mechanism of the flip chip joining ma- 
chine according to the present invention; 
Fig. 7 is an example of a cross sectional photograph 
of the flip chip joining part according to the present 
invention; 

Fig. 8 is a schematic view useful in explaining the 
relationship between the filler containing amount 
and the void occurrence rate which is dependent on 
a space defined between a chip and a board; 
Fig. 9 is a schematic view useful in explaining an- 



other embodiment of the flip chip assembly method 
according to the present invention; 
Fig. 10 is a schematic view useful in explaining an 
embodiment of flip chip assembly structure accord- 

5 ing to the present invention; 

Fig. 11 is a schematic view useful in explaining the 
relationship between the number of times of tem- 
perature cycles and the cumulative disconnection 
failure generating rate which is dependent on the 

10 filler containing amount; 

Fig. 12 is a graphical representation showing the 
relationship between the filler containing rate and 
the void generation probability in the flip chip as- 
sembly method according to the present invention; 

15 Fig. 13 is a schematic view useful in explaining still 
another embodiment of the flip chip assembly meth- 
od according to the present invention; 
Fig. 14 is a schematic view showing another em- 
bodiment of a tool heating mechanism of the flip 

20 chip joining machine according to the present in- 
vention; 

Fig. 15 is a schematic view useful in explaining the 
precious metal bump shape which is suitable forthe 
flip chip assembly according to the present inven- 
ts tion; 

Fig. 1 6 is a schematic view useful in explaining an- 
other embodiment of the flip chip assembly struc- 
ture according to the present invention; 
Fig. 1 7 is a schematic view useful in explaining still 
30 another embodiment of the flip chip assembly struc- 
ture according to the present invention; 
Fig. 18 is a graphical representation showing the 
relationship between the filler containing amount 
and the void generation rate which is dependent on 
35 a space defined between the chip and the board; 

Fig. 19 is a graphical representation between the 
bump height and the cumulative disconnection fail- 
ure occurrence rate which is dependent on the pres- 
ence and the absence of the under fill and joining 
40 temperatures; 

Fig. 20 is a schematic view useful in explaining an 
embodiment of a BGA package having the flip chip 
assembly structure according to the present inven- 
tion; 

45 Fig. 21 is a schematic view useful in explaining an- 
other embodiment of a BGA package having the flip 
chip assembly structure according to the present in- 
vention; 

Fig. 22 is a schematic view useful in explaining still 
so another embodiment of a BGA package having the 
flip chip assembly structure according to the 
present invention; 

Fig. 23 is a schematic view useful in explaining an 
embodiment of a ceramic module having the flip 
55 chip assembly structure according to the present in- 
vention; 

Fig. 24 is a flow chart useful in explaining an em- 
bodiment of the procedure of assembling a module 
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including the flip chip assembly, of the present in- 
vention; 

Fig. 25 is a flow chart useful in explaining another 
embodiment of the procedure of assembling a mod- 
ule including the flip chip assembly of the present 
invention; 

Fig. 26 is a schematic view useful in explaining an 
embodiment of a multichip module having the flip 
chip assembly structure according to the present in- 
vention; 

Fig. 27 is a schematic view useful in explaining an 
embodiment of a lamination type multichip package 
having the flip chip assembly structure according to 
the present invention; 

Fig. 28 is a schematic view useful in explaining an- 
other embodiment of a lamination type multichip 
package having the flip chip assembly structure ac- 
cording to the present invention; 
Fig. 29 is a schematic view useful in explaining still 
another embodiment of a lamination type multichip 
package having the flip chip assembly structure ac- 
cording to the present invention; 
Fig. 30 is a schematic view useful in explaining yet 
another embodiment of a lamination type multichip 
package having the flip chip assembly structure ac- 
cording to the present invention; 
Fig. 31 is a schematic view useful in explaining a 
further embodiment of a lamination type multichip 
package having the flip chip assembly structure ac- 
cording to the present invention; and . 
Fig. 32 is a schematic view useful in explaining an 
even further embodiment of a lamination type mul- 
tichip package having the flip chip assembly struc- 
ture according to the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0019] The preferred embodiments of the present in- 
vention will hereinafter be described in detail with refer- 
ence to the accompanying drawings. 

(First Embodiment) 

[0020] Fig. 1 shows the construction of joining mem- 
bers and the periphery of the joining members in assem- 
bling a flip chip using the ultrasonic wave according to 
the present invention. In the figure, Au bumps 3 are re- 
spectively formed on electrodes 2 of a semiconductor 
chip 1 . The Au bumps are formed by utilizing the ball 
bonding method. Each of them has two-steps projection 
type shape in which the height there of is increased as 
the position thereon is nearer the center of the bump 
and is formed in such a way that the diameter is 1 00 ujti, 
the head height is 100 ujti, the shoulder height of the 
first step (on the side of the semiconductor chip 1 ) is 30 
|im and the diameter of the second step (on the side of 
an organic printed circuit board 4) is 40 ujti. On the other 
hand, after the surfaces of internal connection terminals 



5 containing Cu as the basic constituent have been plat- 
ed with Ni, an Au plated film with 0.7 ujti thickness is 
formed thereon. External connection terminals 9 for the 
connection to other chip, substrate orthe like are formed 

5 on the rear face of the organic printed circuit board 4. A 
resin sheet 8 which is obtained in such a way that ther- 
mosetting resin 6 containing epoxy. resin as the main 
constituent is mixed with 50 % insulating inorganic fillers 
(Si0 2 corpuscle) having a lower thermal expansion co- 

10 efficient than that of the thermosetting resin 6 and then 
the semi-curing processing is carried out for the result- 
ant member is inserted into the space defined between 
thechip and the board. Forthesize of the Si0 2 inorganic 
filler, the mean particle size is about 2 jxm and the max- 

15 jmum value thereof is set equal to or smaller than 7 jim. 
The sheet thickness at this time is set to 50 u,m which 
is about 1 .2 times as large as the final bump height. 
These works are laminated in the order of the board, the 
resin sheet and the semiconductor chip from the side of 

20 a heat stage 14, and then a joining tool 10 is arranged 
in order to apply the pressure to them from the upper 
side. The joining between the chip and the board is 
achieved on the basis of ultrasonic wave vibration 1 1 , a 
load 1 3 and heating from the tool 1 0. The heating of the 

25 chip and the board is carried out by heaters 1 2 and 1 5, 
respectively. >r/ 
[0021] In other words, the flip chip assembly structure 
of the present invention includes the semiconductor chip 
having a circuit for processing the electrical signals, and 

30 the semiconductor chip is provided with. the electrodes 
on which the bumps are in turn formed, respectively. The 
internal connection terminals through which the electri- 
cal signal is fetched from the associated ones of the 
electrodes via the associated ones of the bumps are 

35 provided on the printed circuit board. The semi -cured 
resin sheet which is softened by the heating is inserted 
into the space defined between the semiconductor chip 
and the printed circuit board, the load is applied thereto, 
the heating is carried out therefor and the ultrasonic 

40 wave vibration is applied thereto, whereby the above- 
mentioned bumps and the above-mentioned internal 
connection terminals are metallically joined to each oth- 
er. In addition, each of the bumps is made of precious 
metal, e.g., Au. 

45 [0022] Next, Fig. 2 shows a time chart useful in ex- 
plaining the joining process, and Fig. 3 shows cross sec- 
tional views showing the structure of the joining part at 
respective time points in the time chart shown in Fig. 2. 
In the joining process, first of all, the works are laminated 

so and loaded on the heat stage, which is heated at a tem- 
perature of 1 50 degrees, while aligning these works with 
the heat stage, and then immediately, the joining tool 
which is being heated at 1 50 degrees is made descend 
to apply a light weight to the chip. The value of the load 

55 is set to 15 g/bump. The situation of the joining part at 
a time point (1) is shown in a part (1) of Fig. 3. Since the 
resin sheet 8 is still in the solid state, the Au bumps 3 
are in the state of getting on the resin sheet 8. Referring 



5 



BNSDCCID: <EP 1205970A2 I > 



9 



EP 1 205 970 A2 



10 



back to Fig. 2, after the time point of the part (1 ) of Fig. 

2, the resin sheet 8 starts to be heated on the basis of 
the heat condition from both of the board side and the 
chip side. Then, the temperature rapidly rises so that the 
resin sheet 8 starts to be softened. The situation of the 
joining part at a time point when the temperature of the 
resin sheet 8 has reached a softening temperature Tl is 
shown in a part (2) of Fig. 3. Then, there is provided the 
state in which the projection-shaped Au bumps 3 enter 
into the resin sheet until the heads thereof come into 
contact with the surfaces of the internal connection ter- 
minals 5. After the time point of the part (2), the load is 
increased up to 1 00 g/bump while applying the ultrason- 
ic wave vibration to the joining tool to join metallically 
the Au bumps 3 to the internal connection terminals 5 
which were plated with Au. Since the resin sheet con- 
tains the less volatile components and also a part of the 
resin sheet is exhausted from the interfaces between 
the internal connection terminals 5 and the Au bumps 3 
when the temperature is low before the progress of the 
bonding, the organic contamination of the surfaces to 
be joined due to the resin sheet 8 does not become so 
heavy as to impede the joining property. For this reason, 
the metallic joining at the level of obtaining the excellent 
electrical condition is achieved. The softening tempera- 
ture of the resin sheet is the important factor in relation 
to the joining temperature. The proper range of the sof- 
tening temperature in the present invention is desirably 
equal to or lower than 200 degrees from a viewpoint of 
not increasing the joining temperature, and while not in 
the strict sense of the words, is desirably equal to or 
higher than 70 degrees from the fact that in the joining 
process, the temperature needs to reach the softening 
temperature after having applied the pressure thereto. 
In the present embodiment, the resin sheet at 100 de- 
grees is employed. The vibration amplitude of the ultra- 
sonic wave is desirable in the range of 1 to 6 urn at the 
head of the joining tool. In the present embodiment, the 
vibration amplitude of the ultrasonic wave us set to 3 
u.m. Also, the time period for which the ultrasonic wave 
is being applied is desirable in the range of 50 to 500 
ms. In the present embodiment, it is set to 300 ms. The 
load which is applied by the joining tool is held for a time 
period when the application of the ultrasonic wave is 
stopped to cure temporarily the resin (about 5 seconds 
in the present embodiment) and then is released. There- 
after, the works are moved from the ultrasonic wave join- 
ing position. On the other hand, the heating is continued 
to be maintained for 30 minutes to cure perfectly the res- 
in and then the works are cooled down to the room tem- 
perature. The state of the joining part at a time point (4) 
when the load is released is shown in a part (3) of Fig. 

3. The heads of the Au bumps 3 are crushed to be re- 
spectively joined to the internal connection terminals 5. 
The Au bumps 3 are partially metallically joined to the 
composition interfaces 16 in the state in which the resin 
6 and the fillers 7 do not lie therebetween. The joining 
conditions are selected in such a way that the space de- 



fined between the chip 1 and the printed circuit board 4 
becomes 40 + 15 u,m when the initial bump size is the 
value shown in Fig. 1 . With respect to the compression 
joining bump shape in this case, the diameter in the first 

5 step on the chip side is 100 jxm which is equal to the 
initial value, and the diameter in the second step on the 
board side is increased up to 50 u.m because of the 
crushing. Thus, after completion of the compression 
joining, the two-steps shape is still left as it is. The space 

10 defined between the chip and the board is filled with a 
under fill 8\ which contains, as the basic constituent, 
epoxy resin 26 containing a silica filler 27 with 2 |im 
mean particle size, in the void free state. While the elec- 
trodes of the semiconductor chip are arranged in the pe- 

15 riphery of the semiconductor chip or are arranged in the 
area-like pattern on the whole surface of the semicon- 
ductor chip, in any case, the same cross sectional struc- 
ture is obtained. But, the wiring pattern of the board dif- 
fers greatly therebetween due to the relation of the ar- 

20 rangement to the external connection terminals on the 
rear face of the board. The minimum size of the board 
can be made the same as that of the semiconductor 
chip. In addition, while Si0 2 particles are employed for 
the inorganic fillers, alternatively, Al 2 0 3 particles or oth- 

25 er insulating particles may also be employed. 

[0023] Now, the description will hereinbelow be given 
with respect to a joining machine for implementing the 
assembly method of the present invention. From the 
reasons as will be described below, the conventional ul- 

30 trasonic joining machine for assembling semiconductor 
chips does not have the machine which is capable of 
heating the horn of the ultrasonic wave oscillation sys- 
tem and the joining tool and also does not have the ma- 
chine which is capable of joining the semiconductor 

35 chips using the ultrasonic wave by applying the heavy 
load exceeding 5 kg. First of all, the causes that the ul- 
trasonic wave horn of the ultrasonic wave oscillation 
system and the joining tool can not be heated by the 
conventional machine are due to the following reasons. 

40 

1 ) The heat resistance of the vibrator is low and in 
addition thereto, it is difficult to insulate thermally 
the vibrator and the horn from each other due to the 
construction in which the vibrator and the horn are 

45 directly coupled to each other. 

2) When the temperature is changed, the reso- 
nance frequency is also changed so that the stable 
ultrasonic wave oscillation can not be obtained. 
From the foregoing, since in the conventional ma- 

50 chine, the heating is forced to be carried out from 
the side of the board loaded on the heating stage, 
there arise problems that the board temperature be- 
comes higher than the chip temperature, a large 
strain is generated in the joining part due to the con- 

55 traction of the board showing the large thermal ex- 
pansion in the cooling process after completion of 
the joining, and hence the disconnection failure is 
easy to occur. 
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[0024] Next, the reason that the conventional ma- 
chine does not have the machine which is capable of 
joining the semiconductor chips using the ultrasonic 
wave by applying the heavy load is that it is difficult from 
the following reasons to design the construction of the 
vibration system for oscillating stably under the heavy 
load condition: 

1) If the high rigidity is adopted, then the cross sec- 
tion of the horn is increased so that the complicated 
vibration modes other than the vibration direction 
which is effective to the joining are generated. 

2) If the cross section of the horn is decreased to 
provide the low rigidity, then the resonance frequen- 
cy is changed due to the deformation caused by the 
application of the load so that the stable oscillation 
can not be obtained. Forthis reason, in actual, there 
is only the example in which a small ferroelectrics 
chip of several millimeters square size on which 
several to more than ten Au bumps are formed is 
joined to a ceramic substrate which shows the small 
thermal expansion and does not have any of the 
resin sheets. 

[0025] In order to solve the above-mentioned prob- 
lems, we have developed a ultrasonic wave oscillating 
mechanism, as will be described later, which has a heat- 
ing function and has a special horn shape, and at the 
same time, by reducing the ultrasonic wave frequency 
from the conventional 60 kHz to 50 kHz, has developed 
a joining machine which is capable of oscillating stably 
the ultrasonic wave under the condition of the high tem- 
perature heating and the application of the heavy load. 
Now, this joining machine will hereinbelow be described. 
For the flip chip joining of the chip, it is required that the 
bumps which are formed on the chip are greatly de- 
formed to absorb the warpage of the board and the dis- 
persion of the bump heights to join reliably all of the 
points. For this reason, when the organic board is an 
object, if the crushing amount of normal bumps is esti- 
mated to be about several tens um, giving the chip the 
inclination in the process of crushing the bumps be- 
comes the cause of the dispersion at the joining quality 
level. For this reason, the joining tool needs to have the 
construction in which it can descend while holding the 
balancing. Then, in the machine of the present embod- 
iment, there is adopted the construction in which the 
strength member taking charge of the load shows a 
symmetry between the left and right halves, and the 
pressure application driving system and the central axis 
of the joining tool for pushing the joining member are 
arranged on the symmetrical axis. As a result, even 
when the joining load is increased, the surface of the 
joining tool can hold the balancing at all times. 
[0026] Next, the description will hereinbelow be given 
with respect to the construction for heating the joining 
tool. Since the joining tool itself for applying the ultra- 
sonic wave vibration and the load to the works has the 



small volume and hence has the small thermal capacity, 
it is easy to suffer the thermal fluctuation of the works. 
Therefore, the structure in which the main body of the 
ultrasonic wave horn having the large volume is heated 

5 is adopted to ensure the stability of the temperature, and 
in order to prevent the thermal damage of the ultrasonic 
wave vibrator, a radiating component which is excellent 
in the ultrasonic wave transmission characteristics is in- 
serted between the uftrasonic wave vibrator and the ul- 

10 trasonic wave horn, while there is the possibility that the 
transmission loss of the ultrasonic wave is increased to 
fluctuate, the vibrator is made oscillate with the input to 
the vibrator made large to compensate for the increase 
of the transmission loss and to reduce the influence of 

15 the fluctuation. 

[0027] If the heating temperature of the ultrasonic 
wave horn is changed, then the speed of sound of the 
member is also changed so that the resonance frequen- 
cy is changed and in the extreme case, the oscillation 

20 can not be obtained. Forthis reason, in the present ma- 
chine thus developed, the ultrasonic wave horns which 
are different in size for the joining temperatures are pre- 
pared. The temperature range which can be covered by 
one ultrasonic wave horn, while being different in the 

25 ultrasonic wave frequency and the horn shape, is set to 
± 30 degrees in the present embodiment. 
[0028] Next, the description will hereinbelow be given 
with respect to the shape of the ultrasonic wave horn 
which can oscillate stably under the heavy load. The ul- 

30 trasonic wave horn, in order to maintain the balancing 
of the joining tool s is processed into the shape which 
shows a symmetry between the left and right halves, 
and is held to the load application member at the left 
and right node points. For this reason, the horn is sup- 

35 ported at the both ends thereof and hence suffers the 
bending deformation of the edge of the central load. If 
the rigidity of the horn is low, then the amount of bending 
deformation becomes large, and the hom shows an a 
symmetry between the upper and lower halves to gen- 

40 erate the vibration modes other than the axial direction 
of the horn. As a result, if the oscillation becomes un- 
stable and at the same time, if the vertical vibration is 
generated, then the joining property becomes poor. On 
the other hand, if the cross sectional area of the horn is 

45 increased in order to increase the rigidity, then the vi- 
bration within the surface does not become uniform and 
hence the complicated vibration modes are generated 
so that the oscillation becomes unstable and at the 
same time, the reduction of the joining property is invit- 

50 ed. For this reason, in the present machine : there is 
adopted the construction in which the vertical board 
thickness which has a large influence on the flexural ri- 
gidity is increased, and the slrt(s) is(are) provided in the 
hom in order to reduce trie cross sectional area. Since 

55 the cross section of the hom is vertically divided by the 
effect of the slit(s), the substantial cross section in the 
direction along which the vibration is transmitted be- 
comes small so that the vibration modes can be simpli- 
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tied and also the deformation can be suppressed due to 
the large thickness of the horn which has an influence 
on the flexural rigidity, which enables the oscillation of 
the ultrasonic wave to be stably carried out. In addition, 
in the present machine, the frequency of the ultrasonic 
wave is reduced from the conventional 60 kHz to 50 kHz 
so that the coefficient of fluctuation in the resonance 
point is reduced against the change in the temperature 
and the strain of the horn, thereby realizing the stable 
oscillation of the ultrasonic wave. 
[0029] Fig. 4 shows the joining machine which is em- 
ployed in the present embodiment. In the figure, the ma- 
chine body includes: a supporting frame 41 ; a support- 
ing chassis 42; a pressure applying mechanism 43; a 
mechanism 44 for heating a chip and for oscillating a 
ultrasonic wave; a board heating mechanism 46; an 
alignment driving mechanism 45; a work observing 
mechanism 47; a board carrying mechanism 49; and a 
chip carrying mechanism 48. The work observation 
mechanism 47 has the function of taking in the vertical 
image through an optical mechanism inserted into the 
space defined between the printed circuit board 4 and 
the semiconductor chip 1 to detect the positional mis- 
alignment. On the basis of this information, the adjust- 
ment is carried out in the position alignment driving 
mechanism. 

[0030] Fig. 5 shows the detailed construction of the 
machine shown in Fig. 4. The pressure applying mech- 
anism 43 adopts the serve motor driving system for de- 
tecting an output from a pressure sensor 50 to adjust 
automatically the current value to the setting value. A 
ultrasonic wave vibrator 51 is coupled to a ultrasonic 
wave horn 55 through a vibration amplifying component 
54 having a radiating component 52 and a flange mech- 
anism 53. The ultrasonic wave horn 55 is formed inte- 
grally with a joining tool 56. The heaters 12 are mounted 
to the ultrasonic wave hom 55 in the positions which are 
located at the vertical centers and which shows a sym- 
metry between the left and right halves. The device is 
carried out in such a way that through holes (slits) are 
provided in the positions which shows a point symmetry 
with respect to the center of the ultrasonic wave horn 55 
and hence the vibration mode within the horn becomes 
a single mode corresponding to only one axial direction. 
In the inside of the ultrasonic wave horn is provided with 
a suction hole 57 for sucking the works, and a super- 
hard member 58 is joined to the tip of the joining tool in 
order to lengthen the life thereof. The ultrasonic wave 
vibrating mechanism is mounted to a member 59 for 
supporting the vibration system through a flange which 
is mounted to the node position of the vibration. The po- 
sitional misalignment judging mechanism includes an 
optical head 512 consisting of a half mirror 510 and a 
CCD sensor 511 , and a processing circuit 513 forjudg- 
ing the positional misalignment on the basis of the image 
processing. The information from the optical head 512 
is transmitted to the processing circuit 51 3 through a ca- 
ble 51 4. The optical head 512 includes a movable mech- 



anism and serves to make a round trip between the join- 
ing position and the stand-by position every sample. 
[0031] In accordance with the present joining ma- 
chine, the device is applied to the shape of the ultrasonic 

5 wave hom, whereby the vibration mode of the ultrasonic 
wave horn having the high rigidity can be controlled in 
such a way as to be made a single mode corresponding 
to only one axis. Also, the load applying construction of 
the vibration system is made the two-points support by 

10 the flange mechanism 53, and the shape is made show 
a symmetry between the left and right halves for the 
point of application of theforce of the joining tool, where- 
by even if the heavy load is applied to deform the vibra- 
tion system, the balancing of the tool surface can be 

15 held. Therefore, it becomes possible to apply the heavy 
load and the excellent ultrasonic wave vibration, which 
is required for the joining, while maintaining the balanc- 
ing of the tool for the multipin LSI chip. As a result, the 
precious metal bumps of the multipin LSI chip can be 

20 reliably metallically joined to the precious metal pads of 
the board under the low temperature condition by utiliz- 
ing the ultrasonic wave energy. 

[0032] In addition, the present joining machine, as 
shown in Fig. 6, has preferably a mechanism for sup- 

25 plying an organic tape between the joining tool and the 
work. In the figure, an organic tape 60 made of polyimide 
is arranged at the head of the joining tool 56 which is 
formed integrally with the ultrasonic wave horn 55. The 
organic tape is successively forwarded from the side of 

30 a roll 61 by take-up mechanisms 62 and 63. Thus, a new 
tape is supplied to the position under the tool every join- 
ing. Holes 64 for sucking the work are provided in the 
organic tape and the tape forwarding position is control- 
led in such a way that the hole is aligned with the suction 

35 hole of the tool. While the organic tape may be either 
thermoplastic or thermosetting, the high rigidity is re- 
quired therefor in such a way that the absorption of the 
ultrasonic wave becomes less, and the elastic modulus 
is desirable in the range of 1 to 100 GPa. The elastic 

40 modulus of polyimide is about 9 GPa. 

[0033] Thereby, since an organic material which is 
softer than the joining tool and the LSI chip can be sand- 
wiched between the joining tool made of a super-hard 
material and the LSI chip, the chip surface becomes free 

45 from the damage. Therefore, since the tool also be- 
comes free from the tool, there is offered the effect that 
the tool life can be lengthened. In addition, since the ad- 
hesion between the chip and the organic tape becomes 
excellent and the slipping becomes small, there is also 

50 offered the effect that the transmissibility of the ultrason- 
ic wave vibration is increased and hence the joining 
property can be enhanced. 

[0034] As the result of carrying out repeatedly the var- 
ious joining experimentations using this joining ma- 
ss chine, the following items are confirmed: 

1 ) In the joining between the precious metal bumps 
and the terminals, on which the precious metal film 
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is formed, in the stateof inserting resin, resin ther- 
ebetween can be forced to be exhausted to the out- 
side to achieve the metallic joining. 

2) For this reason, in the flip chip joining in the state 
of inserting the resin : the contact resistance of the 
connection part can be reduced to about 0.1 to 10 
mil. 

3) The temperature on the board side is made equal 
to or lower than that on the chip side, whereby the 
generation of the thermal strain in the cooling proc- 
ess can be reduced, and hence the joining of the 

. chip having a larger area and the joining of the chip 
to the organic board showing large thermal expan- 
sion become possible. 

4) The flip chip joining of a 1 ,000 pin-class chip hav- 
ing the bumps each having the diameter of 50 to 
100 |im becomes possible. 

[0035] Fig. 7 shows an example of an enlarged pho- 
tograph of the bump joining part. There can be con- 
firmed the situation in which the under fill resin is filled 
without any of defects and the bumps and the pads are 
metallically joined to each other though the void defects 
are present. The precious metal bumps and the pre- 
cious metal pads on the board side are metallically 
joined to each other, whereby with respect to the elec- 
trical resistance of the connection part, the contact re- 
sistance of the composition interface can be greatly re- 
duced. In the conventional system, in the case of the 
bump size of 50 to 100 um, the resistance value is in 
the range of several tens to one hundred and several 
tens ma, whereas in the structure according to the 
present invention, it becomes clear that the resistance 
can be reduced to the range of 0.1 to 10 m!2. 
[0036] According to the present invention, since there 
is adopted the method wherein in the state of laminating 
the board, the resin sheet and the chip, the heat and the 
ultrasonic wave vibration are applied to carry out the 
compression joining, the Au bumps push the softened 
resin away to come into contact with the Au pads on the 
board, respectively, and in addition thereto, the metallic 
joining between the bumps and the internal connection 
terminals is achieved by the ultrasonic wave vibration. 
Therefore, the flip chip assembly for the semiconductor 
chip including the metallic joining between the Au 
bumps and the Au pads, and the resin filling into the 
space defined between the chip and the board can be 
carried out in one process to enhance the productivity, 
the electrical resistance of the connection part can be 
reduced since the metallic joining between the Au 
bumps and the Au pads is achieved, and the assembly 
reliability can be enhanced since the under fill filling 
which is void free is possible using the resin having the 
high filler containing rate. Thus, it is possible to provide 
the flip chip assembly method which is excellent in the 
productivity, the electrical characteristics and the relia- 
bility. Giving the detailed description with respect to the 
reliability, the under fill can be formed in avoid free man- 



ner, whereby the peeling-off of the joining part in the re- 
flow due to the vaporization expansion of the moisture 
in the voids can be prevented from being generated. In 
addition, the chip and the board are firmly bonded with 
5 the under fill in which the filler containing rate is in- 
creased and the coefficient of thermal expansion thereof 
is made smaller than 20 x 10 _6 /degree which is equal to 
that of the board, whereby the thermal strain which is 
caused along with the temperature change can be 
equally dispersed among the chip, the bumps and the 
board to lengthen the temperature cycle life. Further, 
since the Au/Au joining is metallically stable under the 
high temperatures, it is possible to provide the assembly 
structure which is excellent in the high temperature life. 
The thermal expansion coefficient of the underfill is pref- 
erably in the range of. 10 to 25 x 10* 6 /degree. Fig. 8 
shows the generation rate of the voids in the underfill 
in the semiconductor assembly products which are 
manufactured in accordance with the method shown in 
Figs. 1 ,. 2 and 3. For the comparison, the results in the 
conventional system of injecting the liquid resin after 
completion of the joining are plotted. In the system of 
injecting the resin after completion of the assembly, if 
the filler containing amount is increased, then the fluidity 
is reduced. Also, the void generation rate is increased 
as the space defined between the chip and the board is 
smaller and the chip size is larger. In the conventional 
method, if the filler containing amount exceeds 50 %, 
then it becomes difficult to remove the voids. The gen- 
eration of the voids when supplying the resin from one 
side is the problem which arises due to the fact that the 
speed of the penetration of the resin by the capillary phe- 
nomenon differs depending on the places due to the 
presence of the bumps, and is caused by the entrap- 
ment of air. For this reason, the voids which have the 
size corresponding to the space defined between the 
chip and the board are present. 

[0037] On the other hand, in the resin sheet system, 
in the stage of applying the pressure in the state of the 
solid having the low elasticity, the gases which are 
present in the space defined between the chip and the 
resin sheet and the space between the board and the 
resin sheet are exhausted to the outside by the pres- 
sure, and further the resin flows in the direction of being 
pushed out from the inside to the outside to exhaust the 
gases. As a result, the generation rate of large voids 
becomes zero. If the gases should remain in both of the 
spaces, the volume thereof is very small. Thus, this does 
not become the problem such as the occurrence of the 
reflow cracks resulting from the reduction of the strength 
or the moisture absorption. That is, the occurrence of 
the failure due to the void defects can be avoided per- 
fectly. In addition, the resin having the filler containing 
rate of 50 vol% or more is formed between the chip and 
the board in the void free manner to be bonded thereto 
and to be cured, whereby in the conduction of the tem- 
perature equal to or lower than the curing temperature 
of the resin, the compressive force is applied to the Au 
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bump joining parts at ail times by the contraction of the 
resin. Therefore, the life up to which the assembly prod- 
uct is brought to the disconnection failure when subject- 
ing the assembly products to the temperature cycling 
test can be greatly lengthened. In addition, since the fill- 
er containing rate of the resin can be made high, the 
coefficient of thermal expansion thereof can be made 
equal to that of Au. Furthermore, since the fluctuation of 
the filler distribution in the resin can be made small, the 
stress which is generated in the Au bumps or the resin 
when being applied to the temperature cycle does not 
fluctuate, which results in the life up to which the assem- 
bly product is brought to the disconnection failure being 
able to be greatly lengthened. 

[0038] In addition, in the structure of the present em- 
bodiment, the thickness of the semiconductor chip is 50 
u.m, the printed circuit board is the polyimide film with 
25 u.m thickness, and the thickness of the wiring Cu foil 
is 3 urn, whereby the package can be thinned to the level 
equal to or smaller than 1 00 u.m and also can be minia- 
turized to the same size as that of the chip. Thus, it is 
possible to provide a ultrathin and small semiconductor 
package. 

[0039] In addition, according to the present embodi- 
ment, since the size of the bump shape is so large as to 
be 1 00 um on the chip side and is so small as to be 40 
um in the second step, and the joining of the bumps to 
the pads on the board is carried out in the second step, 
the stress (the yield stress of Au x the joining area on 
the board side/the joining area on the chip side) which 
is applied to the chip side during the bonding can be 
reduced to the small value which is about one over sev- 
eral number of the yield strength of Au. For this reason, 
there is offered the effect that the chip damage under 
the electrodes in the flip chip assembly process can be 
reduced to enhance the assembly yield. In addition, 
since the size of the solid fillers which get mixed with the 
resin sheet is reduced to several pm, i.e., a level equal 
to or smaller than one third of the gap, there is removed 
the possibility that the solid fillers are piled up in a col- 
umn to apply the high stress to the chip by the load there- 
of. Thus, there is offered the effect that it is possible to 
prevent perfectly the assembly failure due to that pos- 
sibility. 

(Second Embodiment) 

[0040] As another embodiment, instead of sandwich- 
ing the resin sheet in the semi-cured state in the first 
embodiment between the chip and the board, the liquid 
epoxy resin with about 50 ujn thickness containing the 
insulating inorganic fillers (Si0 2 : the mean particle size 
is 1 ujn, and the maximum value is 7 u,m) is applied to 
the chip mounting area of the board, and thereafter im- 
mediately, the chip with the Au bumps is mounted on 
the liquid resin to carry out the ultrasonic wave joining, 
and subsequently, the curing processing at 1 50 degrees 
for 30 minutes is carried out. In the case of the liquid 



resin, while the pad surfaces of the board are contami- 
nated with the resin, the joining condition is made the 
condition of the heavy load or the high ultrasonic wave 
power, whereby it is confirmed that the partial metallic 
5 joining can be achieved. In this connection, as for the 
liquid resin, in addition to the epoxy resin, other thermo- 
setting resin such as the phenol resin may also be em- 
ployed. 

[0041] In the present embodiment as well, the same 
10 effects as those of the first embodiment can be offered. 
In addition, since the supply of the resin becomes easy 
because the printing system can be adopted, there is 
offered the effect that the productivity can be enhanced. 
Also, since when the liquid resin is employed, the man- 
15 day of production is less as compared with the case 
where the liquid sheet is employed, there is the advan- 
tage that the cost of the material is low and hence the 
low cost of the assembly products can be realized. 
[0042] In this connection, while not particularly illus- 
20 trated, when subjecting the semiconductor assembly 
product in which the filler containing rate in the resin 
sheet is 50 % and the plane distribution of the fillers is 
equal to or lower than + 5 % or less at a maximum with 
the dispersion in the filler containing rate in 1 mm square 
25 and the semiconductor assembly product in which the 
liquid resin having the same containing rate is filled after 
completion of the flip chip joining and which is free from 
the voids to the same temperature cycling test in order 
to carry out the comparison, it is conf irmed that there is 
30 the clear difference in the number of times of tempera- 
ture cycles up to which the product is brought to the dis- 
connection failure, and the product which is manufac- 
tured by supplying the resin in a sheet-like shape has 
the longer life. As this cause, it becomes clear as the 
35 result of the analysis that the filler distribution between 
the chip and the board in the resin sheet supplying sys- 
tem roughly follows the filler distribution in the resin 
sheet state, whereas in the liquid resin supplying sys- 
tem, there occurs the phenomenon that a lot of fillers 
40 are present in the upstream side area of the supply and 
there are not many fillers in the downstream side area, 
and hence the difference of 20 % at a maximum occurs 
in the above-mentioned semiconductor assembly prod- 
ucts. 

45 [0043] That is, it becomes clear that the distribution 
of the containing rate of the fillers between the chip and 
the board is controlled in such a way as to become ± 5 
% or less, whereby the temperature cycle life can be 
lengthened. 

50 

(Third Embodiment) 

[0044] Fig. 9 shows an embodiment of the flip chip as- 
sembly method according to the present invention. In 
55 the figure, the Au bumps 3 are respectively formed on 
the electrodes (the Al electrodes) 2 of the chip 1 by uti- 
lizing the ball bonding method. At this time, the initial 
bump diameter is 60 urn, the diameter in the second step 
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is 35 um, the bump height is 80 nm, and the shoulder 
height in the first step is 10 \xm. Two sheets of resin 
sheets are employed. Then, a high filler containing 
epoxy resin sheet (a low thermal expansion resin sheet) 
90 in which the containing rate of the fillers 7 made of 5 
spheroidal Si0 2 particles is 65 % is arranged on the chip 
side, while a low filler containing epoxy resin sheet (an 
intermediate thermal expansion resin sheet) 91 in which 
the containing rate of the same fillers as those of the 
former is 35 % is arranged on the board side in order to 10 
carry out the lamination. An Au film with 0.5 \xm thick- 
ness is formed on the most upper surfaces of the internal 
connection terminals 5 of the board 4. The joining proc- 
ess after having carried out the lamination in the ar- 
rangement shown in the figure is the same as that of the 15 
first embodiment. 

[0045] Fig. 10 is an enlarged view of the cross sec- 
tional structure of the joining part after having joined the 
elements shown in Fig. 9. In the figure, a under fill 8' 
includes a low thermal expansion layer 92 in which the 20 
fillers are filled with high density, and an intermediate 
thermal expansion layer 93 having the lower filler den- 
sity, and the interface therebetween becomes the inte- 
grated structure through the inclined region in which the 
filler filling rate is continuously changed. At this time, the 25 
coefficient of thermal expansion of the resin in the part 
near the board is higher than that in the part near the 
chip. In addition the containing rate of the inorganic fill- 
ers contained in the resin in the part near the board is 
lower than that in the part near the chip. With respect to 30 
the shape of each of the Au bumps 3 which has suffered 
the compression joining, the joining part on the chip side 
is wide, the column made of Au which is smaller than 
the joining part is built thereon, and the head of the col- 
umn is joined to the associated one of the internal con- 35 
nection terminals. For the joining between the bumps 
and the internal connection terminals, there is provided 
the sate in which the metallic joining is achieved in at 
least a part of the contact surface. 

[0046] Fig. 11 shows the Weibull plot of the failure oc- *o 
currence rate when the samples having the different fill- 
er containing amounts are subjected to the temperature 
cycling test. Since the under fill resin has the high ther- 
mal expansion coefficient, it is short-lived in the state in 
which there is no filler. When the filler material which has 45 
the lower thermal expansion coefficient than that of the 
under fill resin gets mixed therewith to decrease the 
thermal expansion, the life is lengthened. In this case, 
when employing the under fill resin having the filler con- 
taining rate of 50 % or the two-layers under fill, there is so 
shown the life exceeding 1,000 cycles. The method 
wherein the under fill having the filler containing rate of 
70 % or more can be filled in a void free manner is only 
the method according to the present invention. Thus : it 
is said that the two-layers system is not the possible 55 
structure until the method of the present invention has 
been made. That is, it is possible to provide the highly 
reliable flip chip assembly products by the embodiment 



of the present invention. 

[0047] According to the present embodiment, in addi- 
tion to the effects which are offered by the first embod- 
iment, the following effects are offered. Since the under 
fill is divided into the two layers in such a way that the 
low thermal expansion resin sheet is arranged on the 
chip side in correspondence to Si, while the intermediate 
thermal expansion resin sheet is arranged on the board 
side in correspondence to the resin board, the coeffi- 
cient of thermal expansion between the chip and the un- 
der fill and the coefficient of thermal expansion between 
the board and the underfill are near each other so that 
the generation of the shearing stress resulting from the 
thermal strain in both of the interfaces is reduced. As a 
result, the thermal stress which is generated in the join- 
ing part between the chip and the bumps as well as in 
the joining part between the board and the bumps can 
be reduced, the peeling-off between the chip and the 
underfill as well as between the board and the underfill 
can be prevented from being generated, and the peel- 
ing-off disconnection in the composition interfaces of the 
Au bumps can be prevented. Thus, the assembly relia- 
bility can be remarkably enhanced. By the way, while 
the large thermal strain is generated in the middle part 
of the underfill, the thermal expansion coefficient is con- 
tinuously changed due to the inclination structure. 
Therefore, since the wide area in the central part of each 
of the Au bumps suffers the thermal strain, the local 
stress concentration is not generated. Further, since the 
Au bump part of the bulk suffers the stress, the reliability 
can be made far higher than that in the structure in which 
the composition interface suffers the stress. 

(Fourth Embodiment) 

[0048] As another embodiment, as for the materials 
of the bumps and the internal connection terminal sur- 
faces of the printed circuit board in the first embodiment, 
there are selected Ag which is readily separated from 
oxygen at the temperature of 20 degrees or higher 
though it is slightly oxidized in the atmosphere, and Pd 
and Pt each of which forms hardly the oxide film in the 
temperature region ranging from the room temperature 
to the joining temperature of 200 degrees though it is 
oxidized at the high temperatures. In addition, there is 
attempted the assembly wherein for the resin agent for 
the under fill, only the composite resin of the polyimide 
resin and the epoxy resin is selected. Since each of the 
materials of Ag, Pd and Pt is soft, and also even if it is 
oxidized to form the oxide film, this oxide film is not so 
thick as to have an influence on the joining using the 
ultrasonic wave vibration having the amplitude of about 
1 to about 5 pm, the ultrasonic wave vibration having 
the amplitude of about 1 to about 5 urn is applied thereto, 
whereby the metallic joining is readily achieved. In the 
present embodiment, the joining is implemented under 
the condition in which the frequency is 50 kHz, and the 
chip amplitude is 1 ujti (the tool amplitude is 3 urn). 
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[0049] In the present embodiment as well, since the 
same assembly method as that of the first embodiment 
can be adopted and the metallic joining is achieved sim- 
ilarly to the case of Au, there is offered the effect that in 
the electrical characteristics, the connection resistance 5 
can be reduced to the range of 0. 1 to 1 0 mfi. 

(Fifth Embodiment) 

[0050] Fig. 1 2 shows a time chart of the joining con- 10 
ditlons in the case where the low-melting point metal (an 
Sn film) which reacts on the Au bumps to be melted at 
217 degrees by the eutectic reaction is formed on the 
internal connection terminals on the printed circuit board 
side to carry out the flip chip joining. While the base el- 15 
ement structure in the assembly is completely the same 
as that in Fig. 1 , points of difference therefrom are that 
the heating is carried out only from the joining tool side, 
and that the material of the pads is changed from Au to 
Sn. in Fig. 12, after having applied the load to the works, 20 
the joining tool is heated in an instant by the pulse heat- 
er, and the works are heated from the chip side. From 
at a time point when the temperature of the works has 
reached the resin softening temperature, the ultrasonic 
wave is applied to the works through the joining tool 25 
while increasing the load applied to the works. In the 
present embodiment, the heating is continuously carried 
out until the work temperature exceeds the Au-Sn eu- 
tectic temperature (21 7 degrees) to reach 235 degrees. 
The time period when applying the ultrasonic wave is 30 
set in such a way that the ultrasonic wave is applied for 
a predetermined time after the work temperature has 
reached the Au-Sn eutectic temperature. In the present 
embodiment, the ultrasonic wave is applied for 150 ms. 
The application of the ultrasonic wave is stopped and 35 
rough ly at the same time, the heating by the pu Ise heater 
is stopped. Then , at the time when the work temperature 
has dropped to 50 degrees equal to or lower than the 
softening temperature of the resin, the load is released, 
and the works are taken out from the joining machine. 40 
Thereafter, the baking processing is carried out at 1 80 
degrees for 10 minutes in the heating system such as 
the constant temperature oven to cure perfectly the res- 
in. 

[0051 ] Fig. 1 3 shows a schematic view of cross sec- 45 
tions of the joining part at time points (2), (3) and (4) 
shown in the time chart of Fig. 12. In the stage of (2), 
the projecting An bumps 3 are pushed into the resin 
sheet 8 along with the softening of the resin, and if the 
thickness of the resin film is suitably selected, then there so 
is obtained the state in which the bumps 3 come into 
contact with the pads 131 , respectively. The load is sup- 
ported by the Au bumps and the surfaces 130 plated 
with Sn and in the solid phase. In the stage of (3), the 
Au-Sn eutectic reaction occurs in the region in which Au 55 
and Sn are adhered closely to each other so that the 
melting liquid 132 starts to be formed while Sn underly- 
ing the bumps is mechanically pushed out to the outside 



by the vibration friction of the Au bumps 3. In the stage 
of (4) in which the joining has been completed, the Au 
bumps 3 are joined to the internal connection terminals 
(the Cu pads) 5 through an AuSn layer 1 35 which is rich 
in Au and a CuSn layer 133. An Au-Sn eutectic alloy 
having a low melting point which was formed in the join- 
ing process is pushed out to the peripheries of the 
bumps to form fillets 1 34. The film plated with Sn which 
is located outside the bumps is melted one time in the 
stage in which it is heated at 232 degrees, but reacts on 
the underlying Cu to form CuSn compound 133 which 
has a high melting point and is isothermally solidified. 
[0052] According to the present embodiment, since 
there is adopted the method wherein in the state in 
which the board, the resin sheet and the chip are lami- 
nated, the heat and the ultrasonic wave vibration are ap- 
plied thereto to carry out the compression joining, the 
assembly method having the high productivity can be 
provided similarly to the first embodiment. In addition, 
in the combination of the joining materials of the Au 
bumps and the Sn plated film of the present embodi- 
ment, there is adopted the process in which the melted 
layer is formed in the composition interface one time to 
carry out the joining. Therefore, the occurrence of the 
joining failure due to the organic contamination or the 
like of the composition surface can be reduced, the join- 
ing can be carried out under the joining conditions of the 
light load and the low ultrasonic wave power, and the 
occurrence of the chip damage can be reduced. Thus, 
it is possible to provide the assembly method having a 
high yield. In this connection, since the low-melting point 
alloy which is formed in the composition interface is ex- 
hausted to the outside of the bumps by the application 
of the load and the ultrasonic wave vibration, the alloy 
containing Sn which is left in the composition interface 
at a time point of completion of the joining is only the 
alloy having a high melting point, and hence the melting 
point of metal constituting the joining part can be made 
equal to or higher than 275 degrees. Since the heating 
temperature in the soldering assembly is equal to or low- 
er than 250 degrees, even if that alloy is heated in the 
soldering assembly to the printed circuit board or the 
like, it is not remelted. Thus, that alloy is also excellent 
in the high temperature heat resistance, and hence 
there is no problem in the heat resistance of the joining 
parts. 

[0053] In addition, in the present embodiment, since 
the metallic joining is achieved: the electrical resistance 
of the connection part can be reduced, and also since 
the under fill filling which is void free is possible by em- 
ploying the resin having the high filler containing rate, 
the assembly reliability can be enhanced. In addition, in 
the assembly structure of the present embodiment, sim- 
ilarly to the first embodiment of Fig. 1 , since the package 
can be thinned : and also the package can be miniatur- 
ized to the size equal to that of the chip, the ultrathin and 
small semiconductor package can be provided. 
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(Sixth Embodiment) 

[0054] As another embodiment, there is attempted 
the assembly in which the Sn as the plating material for 
use in the joining on the pad side in the fifth embodiment 
is replaced with In, Ga orTl as low-melting point metal. 
The joining temperature is set to 1 80 degrees in In, 1 50 
degrees in Ga and 150 degrees in Tl, and other joining 
conditions are made the same as those of the fifth em- 
bodiment. In any of these materials, it is confirmed that 
the low-melting point layer can be exhausted from the 
composition interface to the outside by the application 
of the load and the ultrasonic wave vibration, and hence 
the joining part having a high melting point can be ob- 
tained similarly to the case where Sn is employed. 
[0055] In the present embodiment as well, since the 
heat resistance of the joining part after completion of the 
joining can be enhanced, the same effects as those of 
the fifth embodiment can be offered. In addition, since 
each of In, Ga and Tl has a low melting point or a lower 
eutectic point than that of Sn, the joining temperature 
can be reduced to a level equal to or lower than 200 
degrees, the thermal stress which is generated in the 
cooling process after completion of the joining can be 
reduced, and the chip damage in the assembly process 
can be reduced. Thus, there is offered the effect that the 
assembly yield can be enhanced. In addition to the met- 
al materials described in the present embodiment, the 
low-melting point metal material may be employed as 
long as it is constituted by metal or an alloy which has 
a melting temperature equal to or lower than 250 de- 
grees or in which a melting temperature is equal to or 
lower than 250 degrees when alloyed with the precious 
metal bumps. 

[0056] Fig. 14 shows another embodiment of the 
heating system for the ultrasonic wave horn. In the fig- 
ure, an electrical conducting ceramic plate, i.e., a heater 
chip 140 is joined to the head of the joining tool which 
is integrated with the ultrasonic wave horn 55, and a 
mechanism 141 for supplying a current to the heater 
chip 1 40 is provided therefor. A current pulse is supplied 
to the heater chip every joining to carry out the instan- 
taneous heating. While since the heater chip has the 
small heat capacity, it is heated to a high temperature 
during the supply of the current pulse, the supply of the 
current pulse is stopped, whereby the temperature of 
the heater chip is reduced for a short time period. This 
is the feature in the heater chip. 

[0057] According to the present embodiment, in the 
case where the joining materials are the materials such 
as the precious metal bumps and the Sn plated pads, 
after the heating is simultaneously carried out from the 
joining tool side to melt Sn to achieve the Au-Sn eutectic 
joining, and the melted liquid is forcedly exhausted from 
the interface by the ultrasonic wave vibration to form the 
high-melting point joining parts, the heating can be 
stopped while applying the pressure to carry out the 
cooling for a short time period. Therefore, the joining 



part having the excellent heat resistance can be ob- 
tained by employing the low-melting point metal, and at 
the same time, the damage of the joining parts due to 
the thermal contraction in the cooling process can be 
5 prevented. Thus, there is offered the effect that the high- 
ly reliable joining can be carried out without injuring the 
productivity in the mass production line. 

(Seventh Embodiment) 

10 

[0058] Fig. 1 5 shows an embodiment of the precious 
metal bump shape which is suitable for the flip chip as- 
sembly of the present invention. A part (a) of Fig. 15 
shows the case of the stud bumps. In this case, the Au 

is stud bumps 3 are respectively formed on the electrodes 
(the Al electrodes) 2 of the semiconductor chip (the Si 
chip) 1 by utilizing the ball bonding method. The initial 
ball size, the capillary size and the joining conditions are 
selected in such a way that with respect to the Au stud 

20 bump shape, the ratio of the diameter 1 50 at the joining 
crushed height level of the bump upper part to the di- 
ameter 151 of the joining part between the Au bumps 
and the Al electrodes becomes in the range of 1/2 to 1/3 
in the area ratio. When the bumps are formed under the 

25 conditions in which the initial ball size is 80 ujn, the hole.-,; 
diameter of the capillary tool is 40 u,m and the ball diam-_.^ 
eter after completion of the compression joining is 100 as: 
ujti, if the load: 50 g/bump, the temperature: 100 de- 
grees, the vibration amplitude: 3 ujn, and the joining • v 

30 time: 30 ms are selected as the joining conditions of the ^ 
flip chip, then the diameter of the composition surface 
on the chip side can be set to the range of 80 to 90 p.m 
and also the diameter of the bonding surface on the 
board side can be set to the range of 40 to 45 ujti. In 

35 addition, a part (b) of Fig. 1 5 shows the case of the two- 
step plated bumps. In this case, the diameter ratio is 
selected in such a way that the area ratio of the second 
step to the first step becomes in the range of 1/2 to 1/3 
or less. Also, a part (c) of Fig. 1 5 shows the case of the 

40 plated bumps each of which is of the shape having the 
sharp head. In this case, the shape is controlled in such 
a way that the area ratio of the joining crushed height 
position to the base of the bump becomes in the range 
of 1/2 to 1/3 or less. In Fig. 15, reference numeral 136 

45 designates a passivation film. In addition, reference nu- 
merals 152 and 153 designates a diameter of a upper 
part and a diameter of a lower part, respectively. 
[0059] Fig. 1 6 shows the cross sectional structure of 
the flip chip assembly part when the plated bumps 

so shown in a part (b) of Fig. 1 5 are employed. With respect 
to the joining area, the area of the interface of the bump/ 
the barrier metal/the Al electrode is about 0.0036 mm 2 , 
and the joining area of the bump/the Au plated land of 
the board is about 0.00081 mm 2 . Thus, the joining area 

55 of the latter is made so small as to be about 23 % of the 
joining area of the former. While the whole plated bump 
3 of the figure is made of Au, alternatively, the bumps in 
each of which the first step is formed of Cu metal plating 
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and the second step is formed of Au metal plating, and 
their heights are respectively 1 0 u,m and 20 |im are man- 
ufactured bywayoftrial. Inthe figure, reference numeral 
160 designates Au metal plating. 

[0060] Fig. 1 7 shows the cross sectional structure of 5 
the flip chip assembly part when the Au bumps are re- 
spectively formed on the chip side and the board side. 
Now, the size is adjusted in such a way that the ratio of 
the area of the transverse section of each of the Au plat- 
ed bumps 3 on the chip side to the area of each of the 10 
joining parts becomes in the range of 2 to 3 or more. 
Also, the bump size on the chip side is set to 60 u.m 
square, and the bump size on the board side is set to 
40 um square. In the figure, there are implemented the 
structure in which the Au plated bumps are formed both 15 
on the chip side and on the board side, the structure in 
which the Ni/Au plated bumps are formed only on the 
chip side, the structure in which the bumps plated with 
Cu/Ni and Ni/Au are formed on the board side, and the 
structure in which the Au stud bumps are formed on the 20 
board side. In Fig. 17, reference numeral 170 desig- 
nates a plated resist film. 

[0061] In these embodiments, in any case, there is 
adopted the structure in which the area of the base of 
the bump on the chip side is 2 to 3 times as large as that 25 
of the composition interface. Therefore, the stress which 
is applied to each of the Al electrodes on the chip side 
in the flip chip joining by utilizing the ultrasonic wave be- 
comes 1/2 to 1/3 or less of the yield strength of Au (60 
to 80 MPa). As a result, the occurrence of the chip dam- 30 
age is prevented, which results in the assembly having 
a high assembly yield becoming possible. 
[0062] In addition, the shape of each of the precious 
metal bumps is preferably selected in such a way that 
the joining area on the chip side becomes larger than 35 
that on the board side by 40 percent or more. Normally, 
in the flip chip joining by utilizing the ultrasonic wave, 
there is the possibility that the large shearing stress is 
generated in the chip board underlying the bumps to 
generate the chip damage. However, since the value of *o 
the shearing stress which is applied to the chip side 
through the bumps becomes the value which is obtained 
by multiplying the yield strength of each of the Au bumps 
by the area ratio between the board side and the chip 
side, in the present invention, that value can be reduced 45 
to 70 percent or less of the yield strength of each of the 
Au bumps, and hence the occurrence of the damage 
can be greatly reduced. 

(Eighth Embodiment) so 

[0063] Fig. 18 shows the relationship between the 
Si0 2 filler containing amount and the void generation 
rate of the epoxy resin based under fill in the flip chip 
assembly when employing the Au plated bumps. In the ss 
Au plated bumps, since if the bump height is increased, 
then the cost is correspondingly increased that so much , 
the bumps each of which is as low as possible will be 
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employed. The lowest height becomes the height at 
which the warpage of the board and the dispersion in 
the thickness thereof, and the dispersion in the pad 
height can be absorbed by the deformation of the 
bumps. While In the case of the gap of 5 u.m as well as 
the case of the gap of 10 urn, even if no filler is con- 
tained, the void generation probability is high, in the 
sheet insertion system, the probability of generation of 
the voids each having the size of several tens jim or 
more becoming a problem can be made zero irrespec- 
tive of the gap. 

[0064] Fig. 19 shows the relationship between the 
bump height and the disconnection failure occurrence 
rate in the temperature cycling test when the joining tem- 
perature and the presence and absence of the underfill 
are changed. In the case where the under fill is absent, 
in the region in which the bump height is equal to or 
smaller than 50 jim, the graph shows a tendency in 
which the disconnection failure is easy to occur as the 
height is lower, and also shows a tendency in which the 
permanent set is increased to increase the disconnec- 
tion failure occurrence rate as the joining temperature 
is higher. When filling the under fill, the chip and the 
board are firmly bonded to each other so that the differ- 
ence in the thermal expansion between the chip and the 
board is absorbed by the warpage deformation, which 
prevents the large shearing stress or tensile stress from 
being generated in the bumps. Therefore, the life up to 
which the product is brought to the disconnection failure 
is greatly improved. As a result, within the test standards 
which are required for the semiconductor devices, any 
of the products is not brought to the disconnection at all. 

(Ninth Embodiment) 

[0065] Fig. 20 shows an example of the cross section- 
al structure of a BGA package to which the flip chip as- 
sembly structure according to the present invention is 
applied. In the figure, the Au bumps 3 which have been 
formed by the tearing-off type of the ball bonding method 
are respectively loaded on the Al electrodes 2 which are 
arranged on the area of the semiconductor chip (the Si 
chip) 1 . A film 200 of Ni with 5 \im thickness/Au with 0.5 
m thickness is formed on the internal connection termi- 
nals (the Cu pattern) 5 each with 35 ujti thickness in the 
positions corresponding to the Al electrodes of the chip 
on the chip side of the printed circuit board (the glass 
epoxy board) 4 by the elect roless plating. On the oppo- 
site side of the board, the pads for the solder bumps (the 
external connection terminals) 9 each of which is made 
of the same material as that of the surface on the chip 
side are formed, and the solder ball bumps are loaded 
thereon. Since the Au plating of the pads dissolves into 
the solder when loading the solder, the Ni plated film 
and the solder are directly joined to each other in the 
state of completion of the package. The Au bumps on 
the chip and the Au plated pads on the board are elec- 
trically connected to each other through the metallic 
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bonding by the thermal compression joining utilizing the 
ultrasonic wave, and the space defined between the 
chip and the board is filled with the u nder f ill 8' containing 
the insulating inorganic filler 7 (Si0 2 particles) showing 
the low thermal expansion and the thermosetting resin 
(the epoxy resin) 6. The volume ratio of the epoxy resin 
to the Si0 2 particles is 1 : 2. The bump height is 60 um, 
the diameter of the Au/Au joining part is 30 um, and the 
diameter of the AI/AI joining part is 80 um. The bump 
height is deformed from the initial value of 1 00 urn to 40 
urn, and the wire part is crushed to the level equal to the 
second step shoulder which is formed in the hole of the 
capillary or up to the position which is slightly near the 
head. 

[0066] According to the present embodiment, since 
the joining is carried out at the head parts of the stud 
bumps, the joining can be carried out with the light load 
of several tens to several hundreds mN per bump, and 
even in the case of the multipin LSI chip having several 
thousands pins, the flip chip assembly can be carried 
out by the Au/Au metallic joining without generating any 
of the chip cracks. In addition, since the bump height is 
increased and the chip and the board are firmly bonded 
to each other by the under fill showing the low thermal 
expansion, the strain which is applied to the joined 
bumps becomes very small. Also, since as another ef- 
fect of the underfill resin, the strain is equally dispersed 
among the whole bumps, the temperature cycle reliabil- 
ity as the package can be remarkably enhanced. In ad- 
dition, since the mother board and the chip can be elec- 
trically connected with shortest distance, even when the 
high performance LSI in which the clock frequency of 
the chip exceeds several hundreds MHz is loaded, the 
assembly for the electronic apparatus becomes possi- 
ble without injuring the performance thereof. Also, with 
respect to the wiring distributed between the internal 
connection pads and the external connection pads, the 
number of wirings distributed between the adjacent 
pads can be reduced by utilizing the through hole(s) as 
much as possible. As a result, the pitch of the external 
connection pads of the board can be shortened, which 
makes possible the miniaturization of the package size. 
In addition, since the heat resistance of the internal con- 
nection parts is sufficiently higher than the refractory 
temperature of the resin, any of the problems does not 
arise at all in the solder reflow process in which the pack- 
age is mounted to the printed circuit board. 

(Tenth Embodiment) 

[0067] Fig. 21 shows an embodiment of the cross sec- 
tional structure of a tape BGA package to which the flip 
chip assembly structure according to the present inven- 
tion is applied. In the figure, the Au plated bumps 3 are 
respectively formed on the electrodes (the Al electrode 
pads) 2 of the semiconductor chip (the Si chip) 1. An 
opening part which is smallerthan the pad formation ar- 
ea of the chips is provided at the center of the printed 



circuit board (the tape board) 4 containing, as the basic 
constituent, the polyimide film with 50 um thickness, and 
a Cu wiring pattern 202 with 5 um thickness is formed 
on one side. Each of the surfaces of the internal con- 
nection leads 210 has the Au plated layer with 0.5 urn 
thickness, and the solder ball bumps 201 are respec- 
tively formed on the pads (the external connection ter- 
minals) 9 for the solder bumps each of which is formed 
by providing the opening in the tape board. For the pur- 
pose of preventing the deformation of the tape, the stiff- 
eners 211 are adhered through the adhesive agent 212 
to the tape board of the area, in the periphery of the chip, 
in which the solder bumps are formed. The Au bumps 
and the internal connection leads of the chip are con- 
nected to each other through the Au/Au metallic joining, 
and the space defined between the tape and the chip is 
filled with the resin containing the spheroidal fillers each 
of which has the lower thermal expansion coefficient 
than that of the resin. Each of the Au bumps is of a 
square of 20 um x 20 um, and the Au bumps are joined 
under the condition in which the height after completion 
of the compression joining is 10 urn in the low position. 
Then, the assembly is carried out under the conditions 
in which the joining temperature is 1 00 degrees, the join- 
ing load is 50 mN/bump, and the vibration amplitude of 
the ultrasonic wave is 3 urn in the tool and 1:5 pm in the 
chip. Then, the assembly is carried outfin the order of 
the chip joining + the under fill filling, th&stiffener bond- 
ing, and the solder bail loading, in this case, since the 
underfill has the shape which is free from the generation 
of the voids, it may be led thereinto after completion of 
the joining. The slitting is formed in plural pins from the 
opening part, in the chip connection area of the tape 
board. 

[0068] According to the present embodiment, since 
the combination in which the internal connection leads 
on the tape board and the bumps of the chip are joined 
to each other is adopted, and the Cu thickness of the 
tape board is set to 5 um, the wiring pitch can be made 
the pitch of 30 pm, and hence the LSI chip having so 
narrow pad pitch as to be 30 jjm can be flip-chip assem- 
bled. In the conventional joining, since the joining tem- 
perature is so high as to be equal to or higher than 200 
degrees (230 degrees in the Au-Sn eutectic joining), the 
strain due to the thermal expansion of the tape board 
and the thermal expansion of the Cu foil, and the posi- 
tion shift due to the thermal expansion difference to the 
chip become the problems. However, in the assembly 
method according to the present invention, since the 
joining temperature can be made drop to the room tem- 
perature, even in the connection having the fine pitch, 
the metallic joining can be made with high accuracy, and 
hence it is possible to provide the highly accurate and 
highly reliable flip chip assembly structure. In addition, 
in the package after completion of the assembly, the un- 
der fill resin showing the low thermal expansion is solid- 
ified for the connection parts and the opening is formed 
at the center of the tape board. Therefore, in the tem- 
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perature fluctuation under the practical use environ- 
ment, the thermal strain which is applied to the bump 
joining parts can be reduced by the fixing effect of the 
under fill and the effect of absorbing the strain by the slit 
(s), and hence the temperature cycle reliability of the 
package can be greatly improved. In addition, since the 
heat resistance of the internal connection part is suffi- 
ciently higher than the refractory temperature of the res- 
in, in the solder reflow process in which the package is 
mounted to the printed circuit board, there is no problem. 

(Eleventh Embodiment) 

[0069] Fig. 22 shows an embodiment of the package 
cross sectional structure when the flip chip assembly 
structure of the present invention is applied to the sem- 
iconductor package which is of a one side resin mold 
type. In the figure, the Au stud bumps 3 are respectively 
formed on the Al electrodes 2 of the semiconductor chip 
(the LSI chip) 1 . The wiring pattern and the internal con- 
nection pads are formed on the chip side of the printed 
circuit board (the organic carrier board) 4 containing the 
glass cloth and the epoxy resin. Each of the internal con- 
nection pads is constituted by each of the internal con- 
nection terminals (the Cu pads) 5 and the Ni/Au plating 
200 formed thereon. The external connection terminals 
9 are formed on the lower side of the board, and the 
solder bumps 201 are respectively formed on the exter- 
nal connection terminals 9. The metallic joining of Au/ 
Au by the ultrasonic wave joining method of the present 
invention is achieved for the internal connection pads 
and the Au stud bumps. The gap defined between the 
chip and the board is filled with the first resin 220 con- 
taining the thermosetting resin 6 and the spheroidal in- 
sulating inorganic fillers 7 each of which shows the lower 
thermal expansion than that of the thermosetting resin 
6 and has the size equal to or smaller than 1/3 of the 
above-mentioned gap. In addition, one side of the board 
is molded with second resin 223 containing grinding- 
shaped large filler particles 221 each showing the low 
thermal expansion and thermosetting resin 222 in such 
a way as for the chip to be covered. By the way, the large 
filler shape is not limited to the grinding type s and hence 
may be spheroidal or of other shape as long as the cost 
permits. 

[0070] According to the present embodiment, there is 
adopted the method wherein the process of joining the 
chip to the organic carrier board is carried out through 
the process of sandwiching therebetween the resin 
sheet to form the flip chip assembly. Therefore, the mul- 
tipin batch joining and the under fill resin filling can be 
carried out at the same time, and also the voids which 
are easy to be generated in the gap defined between 
the chip and the board can be perfectly removed. Thus, 
the problems of the reduction of the productivity as com- 
pared with the wire bonding method, the reflow cracks 
due to the generation of the voids, and the like can be 
solved. In addition, the whole chip is molded, whereby 



the force of pressing the chip against the board be- 
comes strong as compared with the structure of only the 
normal under fill encapsulation, and the compressive 
stress acts on the internal connection parts at ail times. 

5 As a result, the problem that the cracks are generated 
in the joining parts due to the thermal strain in the tem- 
perature cycle or the like to bring the product to the dis- 
connection can be prevented, and also it is possible to 
provide the package which has the very high reliability. 

io Then , it is to be u nderstood that there are the advantag- 
es that the electrical characteristics are excellent, the 
heat resistance of the internal connection is high and 
hence there is no problem in terms of the mounting of 
the printed circuit board, and the package height can be 

15 reduced. 

(Twelfth Embodiment) 

[0071] Fig. 23 shows an embodiment in which the flip 

20 chip assembly structure of the present invention is ap- 
plied to a ceramic module. In the figure, Ag series thick 
film conductor patterns 230, 231 and 232 which were 
formed by the printing and the firing are formed on the 
printed circuit board (the ceramic substrate) 4. The Au 

25 stud bumps 3 are formed on the conductor pattern 230, 
which is flip-chip connected, by the ball bonding to be 
flattened by the leveling processing. Passive compo- 
nents 233 and 234, and the conductors on the ceramic 
substrate are electrically connected to each other 

30 through the Sn series solder 235 and 236. The Au stud 
bumps 3' are formed on the Al electrodes 2 of the sem- 
iconductor chip (the bare chip) 1 by utilizing the tearing- 
off method and are metallically joined to the flattened 
Au stud bump surfaces of the ceramic substrate through 

35 theAu-Au metallic joining. Right before carrying out the 
joining process, the surfaces of the flattened Au stud 
bumps are cleaned by utilizing the sputtering cleaning 
method in order to carry out the assembly. The space 
defined between the chip of the module and the sub- 

40 strate is filled with the thermosetting under fill resin 8' 
containing 70 % or more Si0 2 fillers each showing the 
low thermal expansion. The flattened bump size on the 
substrate side is 15 ^.m (thickness) x 80 u,m (diameter), 
and the bump size on the chip side is 80 um (height) x 

45 60 u.m (diameter) in the initial values and that bump size 
after completion of the compression joining is 40 u.m 
(height) x 60 u,m (diameter). The parts which are 
crushed by the joining are up to the wire part and the 
upper part in the second step which is formed by the 

so capillary hole, and the base part in the first step which 
is formed as the result of crushing the initial ball is hardly 
deformed. The joining is carried out under these joining 
conditions. 

[0072] According to the present embodiment, as com- 
55 pared with the bare chip loaded module by C4 using the 
conventional solder bumps, the LSI connection pad 
pitch can be reduced from 300 jxm or more level to 100 
to 200 u,m level, and hence the LSI chip which is man- 
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ufacturedforthe normal wire bonding mounting can be 
applied to the flip chip assembly as it is. Thus, there is 
the advantage that the low cost can be realized. In ad- 
dition, when the solder for C4 is the high-melting point 
solder, there is the problem that the assembly is difficult 
to be carried out in the lead (Pb) free manner, which be- 
comes a problem in terms of the environmental pollu- 
tion. Thus, there is the problem that if the lead-free Sn 
series solder is used, then the solid phase temperature 
becomes equal to or lowerthan 220 degrees, and hence 
the solder which can be used in the subsequent solder- 
ing mounting suffers the restriction in terms of the melt- 
ing point, whereas in the present embodiment, there is 
the advantage that the solder free style and the heat re- 
sistance can be simultaneously achieved. On the other 
hand, as compared with the bare chip loaded module 
utilizing the wire bonding method, in the wire method, 
there is the problem that the space required for the load- 
ing becomes larger than the chip size and hence the 
high density mounting is difficult in principle to be carried 
out and also the electrical characteristics can not be im- 
proved (for the high speed transmission) due to the 
presence of the inductance component of the wire, 
whereas in the present embodiment, both of the high 
density mounting and the high speed signal transmis- 
sion can be simultaneously achieved. 

(Thirteenth Embodiment) 

[0073] Fig. 24 shows an embodiment of the procedure 
of assembling the various modules. There are prepared 
as the members the module board in which the chip con- 
nection pads are plated with Au, the LSI chip having the 
Au bumps formed thereon, and the semi-cured organic 
film or the liquid resin. In the case of the organic film, 
the module board, the organic film and the LSI chip are 
laminated with the positions of their connection termi- 
nals aligned with each other to be loaded, and then the 
Au bumps break through the softened organic film to be 
metallically joined to the Au pads, respectively, by ap- 
plying thereto the pressure, the heat and the ultrasonic 
wave. Thereafter, the heating is held to cure the resin, 
and the solder paste printing is carried out to load ther- 
eon the component to be soldered, and the reflow 
processing is carried out to perform the soldering. On 
the other hand, in the case where the liquid under fill 
resin is used, in the joining process, only the board and 
the chip are aligned with each other to carry out the flip 
chip joining first of alt, and thereafter, the liquid resin is 
injected into the space defined between the board and 
the chip by the capillary phenomenon or the application 
of the pressure to carry out the curing processing. Thus, 
the assembly is carried out on the basis of such a pro- 
cedure. 

[0074] In this assembly procedure, from a respect that 
in the process of carrying out the flip chip joining, the 
cleanness degree of the board is high and also any of 
the additional components is absent in the periphery 



thereof, there is the advantage that there is no restriction 
in terms of the joining. However, since in the solder 
paste printing process, the bare chip which has already 
been loaded becomes an obstacle to the printing, there 
arises the problem that the suitable device needs to be 
made for the printing method. 

(Fourteenth Embodiment) 

[0075] Fig. 25 shows another embodiment of the pro- 
cedure of assembling the ceramic module which is re- 
verse to Fig. 24. The same members as those in Fig. 24 
are prepared. First of all, the components to be soldered 
are loaded on the module board through the printing and 
reflow process. Since in this process, the conductor pat- 
tern of the board is contaminated by the organic vapor 
such as flux or the diffusion to the surface of the under- 
lying material(s), after having loaded the components to 
be soldered, the cleaning by the organic agent and the 
cleaning processing by the sputtering cleaning are car- 
ried out. Thereafter, the organic paste containing the fill- 
ers is applied onto the board and the chip having the Au 
bumps formed thereon is positioned to be loaded, and 
then is joined thereto by the application of the heating 
and the pressure utilizing the ultrasonic wave. Finally, 
the semi-cured organic resin is perfectly. cured to com- 
plete the assembly. 

[0076] In accordance with this assembly procedure, 
there is the advantage that the components to be sol- 
dered can be readily loaded, while since the conductor 
surfaces to be subjected to the flip chip joining are con- 
taminated, the adoption of the cleaning process is es- 
sential, and hence there is also the disadvantage that 
the number of assembly processes is increased. Thus, 
the assembly procedures in Fig. 23 and Fig. 24 are se- 
lected after grasping the advantage and the disadvan- 
tage depending on the module products. 

(Fifteenth Embodiment) 

[0077] Fig. 26 shows an embodiment of the cross sec- 
tional structure of a multichip module employing an or- 
ganic board according to the present invention. In the 
figure, a rewiring layer 253 is formed on the surfaces of 
LSI chips 250 and 251 , and the chip electrodes 2 which 
are arranged in the periphery are rearranged on the 
whole surfaces of the chips. While each of the chip elec- 
trodes is made of an Al alloy, each of rearranged elec- 
trodes 254 is made of the material in which the core is 
made of Cu and the most upper surface is made of Au. 
The Au bumps 3 are respectively formed on the rear- 
ranged electrodes by utilizing the ball bonding method 
or the plating method. The organic printed circuit board 
(the organic module board) 4 is made of glass epoxy 
resin, and the internal connection terminals 5 are formed 
on the face thereof on the chip side, while the external 
connection terminals 9 are formed on the face thereof 
on the opposite side. Sn based solder bumps 201 are 
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respectively formed on the external connection termi- 
nals. Each of the internal connection terminals has the 
structure in which the Cu core is plated with Au, and the 
Au bumps of the chip are metallically joined thereto. The 
space defined between the chip and the board is filled 
with the thermosetting under fill resin 8" containing the 
minute spheroidal fillers each having the lower thermal 
expansion coefficient than that of the resin. The gap be- 
tween the chip and the chip is filled with the under fill 
resin in the form of the organic film, whereby even for 
the narrow gap of about 1 mm, the underfill resin is cut 
off. The plane distribution of the minute spheroidal fillers 
contained in the under fill resin is controlled in such a 
way that the dispersion in the containing rate when ob- 
taining thefiller containing rate of 1 mm square size from 
an arbitrary place is equal to or smaller than ± 5 % at a 
maximum. This can be realized only by the method 
wherein the under fill resin is supplied in the form of the 
sheet in which the fillers are uniformly dispersed. 
[0078] According to the present embodiment, since 
the rewiring layer is formed on the chips to rearrange 
the electrodes, the pitch and the arrangement of the 
electrodes can be selected irrespective of the pitch and 
the arrangement of the initial chip electrodes, and hence 
no matter what kind of a specification the chip of interest 
has, it can be loaded on the module board. Therefore, 
if the connection electrodes are concentratedly ar- 
ranged in the center of the chip, then the distance be- 
tween the farthest bumps is shortened. As a result, the 
maximum thermal deformation which is generated in 
proportion to that distance can be reduced, and hence 
the thermal fatigue life can be greatly lengthened. In ad- 
dition, if the connection electrodes are dispersed into 
the whole surface of the chip, then the electrode pitch 
can be roughed. Thus, since the work of aligning the 
chip with the module board becomes easy to be carried 
out and at the same time, the manufacture of the module 
board may be of low accuracy, there is the advantage 
that the low cost can be realized. In addition, since in 
the flip chip joining process, the rewiring layer plays a 
part of the buffer layer for the stress which is applied to 
the chip through the bumps, the occurrence of the chip 
damage is removed. Thus, there is also the advantage 
that the assembly yield can be greatly enhanced. In ad- 
dition, the under fill resin between the chips is cut off, 
whereby the shearing strain which is applied to the 
bump joining part due to the generation of the thermal 
deformation of the underfill resin itself can be reduced, 
and also the reliability of the joining part can be en- 
hanced. 

(Sixth Embodiment) 

[0079] Fig. 7 is an enlarged photograph of the bump 
joining part which is obtained in such a way that the or- 
ganic resin sheet with 50 um thickness made of the 
semi-cured epoxy resin containing 60 % Si0 2 fillers hav- 
ing the mean particle size of 0.5 um is inserted between 



the chip having the Au stud bumps formed thereon and 
the board having the Ni/Au plated pads formed thereon 
to join them to each other under the conditions in which 
the heating temperature is 1 80 degrees, the joining load 

5 is 100 g/bump (the chip load: 25.6 kg), the amplitude of 
the ultrasonic wave is 3 ujti, and the oscillation time is 
300 ms. In this connection, the viscosity of the semi- 
cured resin sheet at 180 degrees is 100 Pa/s. Then, the 
Au bumps break through the resin sheet to come into 

10 contact with the Au pads, respectively, and the solid fill- 
ers are exhausted from the composition interface to 
achieve the metallic joining, whereby there is formed the 
joining part having the ratio of the diameter of the com- 
position plane on the chip side : the diameter of the com- 

15 position plane on the board side = 100 : 48. In the case 
where there is employed the resin sheet having the vis- 
cosity of 10 Pa/s at 180 degrees which is obtained by 
reducing the semi-curing temperature, it is confirmed 
that the joining part having roughly the same shape as 

20 that of the joining part of Fig. 7 is obtained under the 
condition in which the joining load is 50 g/bump. 
[0080] According to the present embodiment, since 
the joining area on the board side can be made so small 
as to be 1/4 of the joining area on the chip side, the 

25 stress which is applied to the elements on the chip side 
and the insulating multilayer film structure part when 
carrying out the joining by applying the ultrasonic wave 
can be reduced to 1/4 or less (3 kg/mm 2 or less) of the 
Au yield strength. Thus, there is offered the effect that 

30 the chip damage in the joining can be reduced. In addi- 
tion, if the viscosity in heating the resin sheet is further 
reduced from 10 Pa/s, then the joining load can be fur- 
ther reduced from 50 g/bump for the joining, the stress 
which is generated in the chip due to the application of 

35 the load can be reduced, and also the probability of gen- 
eration of the chip damage can be further reduced. 
Thus, there is offered the effect that the assembly yield 
can be enhanced. 

40 (Seventeenth Embodiment) 

[0081] Fig. 27 shows an embodiment of the package 
cross sectional structure when the flip chip assembly 
structure of the present invention is applied to the mul- 

45 tichip package of a lamination type. In the figure, bumps 
266 plated with Au are respectively formed on the elec- 
trodes 2 of a first chip 265. Internal connection elec- 
trodes 262 of a second chip 261 and the Au plated 
bumps are joined to each other by utilizing the assembly 

so method of the present invention. Each of the most upper 
faces of the electrodes 262 is made of an Au film which 
is formed by the evaporation or the plating. The space 
defined between the chips is filled with first underfill res- 
in 271 . Au stud bumps 264 are respectively formed on 

55 external connection electrodes 263 on the second chip 
and are respectively joined to internal connection pads 
268 on a carrier board 267 by utilizing the assembly 
method according to the present invention. The internal 
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connection pads are formed by plating Cu pattern with 
Ni/Au. The height of the connection part between the 
second chip and the board, since the first chip is held in 
the inside thereof, needs to be made higher than the first 
chip. In the figure, it is assumed that the thickness of the 5 
first chip is 60 urn, the height of the connection between 
the chips is 10 urn, the thickness of the Cu pattern of 
the board is 70 u.m, and the thickness of the Au bump 
is 40 |im. The space defined between the second chip 
and the board is filled with the second under fill resin 10 
272. Pads 269 for the external connection are formed 
on the lower side of the carrier board, and the solder 
bumps 201 are loaded thereon. 

[0082] According to the present embodiment, the chip 
and the chip are arranged in such a way as to face each * 5 
other to be connected at the shortest distance, and with 
respect to the number of connection pins, the Au bumps 
are shrunk, whereby the multipin connection becomes 
possible with the density of 1 ,000 pins/mm or more. 
Therefore, even the chips which were manufactured 20 
through the different processes are laminated as shown 
in the figure, whereby the signal transmission charac- 
teristics at the same level as that in the one chip assem- 
bly are ensured, and hence the system LSI can be con- 
structed at the package level. In this case, only the non- 25 
defective chips in both sides may be employed, and 
hence as compared with the method of constructing the 
system LSI at the wafer level, the manufacture yield of 
the non-defective chips can be greatly improved. 

30 

(Eighteenth Embodiment) 

[0083] Fig. 28 shows another embodiment of the 
package cross sectional structure when the flip chip as- 
sembly structure of the present invention is applied to 35 
the multichip package of a lamination type. While the 
chip lamination structure is the same as that of Fig. 27, 
a point of difference therefrom is that an opening part 
which has the size larger than that of the first chip 265 
is formed in the carrier board 267. and the first chip is *o 
inserted into the board. The assembly mounting method 
includes: the process of plating the most upper surface 
of the chip electrode connection pads of the carrier 
board having the opening formed at the center thereof 
and the solder ball loading lands with Au; the process 45 
of forming the Au projection bumps on the connection 
electrodes of the second chip; the process of aligning 
the connection electrodes of the first chip and the Au 
bumps of the second chip with each other to carry out 
the loading; the process of applying the heat, the pres- so 
sure and the ultrasonic wave vibration from the rear face 
of the chip to join metallically the connection electrodes 
and the Au bumps to each other to connect electrically 
them; the process of aligning the connection pads of the 
carrier board with the Au bumps of the second chip to ss 
carry out the loading; the process of applying the heat, 
the pressure and the ultrasonic wave vibration from the 
chip side; the process of filling the space defined be- 



tween the chip and the board and the space between 
the chips with the liquid resin containing the fillers each 
showing the low thermal expansion; and the process of 
heating and curing the resin thus filled. 
[0084] According to the present embodiment, the mul- 
tichip package having the two-steps lamination struc- 
ture can be mounted through the flip chip joining of the 
Au bumps using the chip having the same thickness as 
that of the conventional one, and the thickness of the 
package can be made the same thickness as that of the 
conventional single chip package. Thus, there is offered 
the effect that.the compaction of the electronic appara- 
tus can be realized. In addition, since the rear face of 
each of the chips is exposed to the outside, even if each 
of the chips shows the high calorification, the package 
which is free from the problem in terms of the heat can 
be constructed while maintaining the excellent heat ra- 
diation property. 

(Nineteenth Embodiment) 

[0085] Fig. 29 shows an embodiment of the package 
cross sectional structure when the flip chip assembly 
structure of the present invention is applied to the four- 
steps multichip package. In the figure, the first chip 265 
and the second chip 261, and a third chip 291 and a 
fourth chip 293 are joined to each other by utilizing the 
flip chip assembly method, according to the present in- 
vention, employing the Au bumps 3. The earner board 
267 and the first chip are connected to each other 
through the ultrasonic wave flip chip joining employing 
the Au bumps 3. After having loaded the first chip on the 
board, the rear face of the third chip is made face the 
rear face of the first chip to bond firmly the third chip to 
the first chip by the adhesive agent. Au bumps 292 
which has been subjected to the flattening processing 
are respectively formed on the external connection elec- 
trodes 263 of the third chip. The internal connection 
pads 268 of the carrier board and these Au bumps 292 
are connected to each other through Au bonding wires 
294 by utilizing the reverse Au wire bonding method. An 
opening part through which the second chip can be em- 
bedded is formed at the center of the carrier board, and 
one side of the board is molded with resin 296 in such 
a way that the whole chip is covered therewith. On the 
opposite side of the board, the pads 269 for the external 
connection are formed and the solder bumps 201 are 
further formed thereon. 

[0086] According to the present embodiment, the 
one-side mold type multichip BGA package having the 
four steps lamination can be constructed in the same 
area size as that of the single chip package, and hence 
it is possible to provide the package which is suitable for 
the high density assembly. In addition, the thickness of 
the package can also be held at the thickness or so with 
which the four chips and the carrier board are piled. 
Thus, the assembly can be made very compactly in 
terms of the thickness. (Twentieth Embodiment) 
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[0087] As another embodiment, in the case where the 
first and third chips shown in Fig. 29 show the large cal- 
orification, a heat radiation plate which has such size as 
for a part for the heat radiation to be exposed to the out- 
side is sandwiched between the first and third chips to 
be bonded therebetween. This heat radiation plate is a 
Cu plate which has a thickness of 0.2 mm and the sur- 
face of which is plated with Ni : and is exposed to the 
outside in such a way as to project from the area having 
no wire bonding. 

[0088] According to the present embodiment, even in 
the case where the LSI chips each showing the high cal- 
orific value are laminated, the cooling performance can 
be enhanced on the basis of the effect of the provision 
of the head radiation plate, and hence it becomes pos- 
sible to operate normally the LSIs in the package. As a 
result, there is offered the effect that the electronic sys- 
tem including a number of LSIs each showing the large 
calorific value can be assembled compactly with high 
integration. 

(Twenty-oneth Embodiment) 

[0089] Fig. 30 shows an embodiment of the package 
cross sectional structure when the flip chip assembly 
structure of the present invention is applied to a two- 
steps lamination type multichip package including three 
or more chips. In the figure, the first chip 265 is the chip 
which is assembled by utilizing the wafer process pack- 
age (WPP) method, and the rewiring layer including 
polyimide and the Cu wiring is formed on the surface 
thereof. Then, the structure of the peripheral chip elec- 
trodes 2 of the LSI chip are converted into the rear- 
ranged electrodes 301 and 302 which have the area- 
like arrangement. In addition, with respect to the mate- 
rial of the rearranged electrodes, the most upper surface 
is made of Au irrespective of the material of the chip 
electrodes. Thefirst chip, and the second and third chips 
are joined to each other by utilizing the assembly meth- 
od, according to the present invention, employing the 
Au bumps 3. In addition, the first chip and the carrier 
board 267 are electrically connected to each other 
through the ultrasonic wave flip chip join in jg employing 
the Au bumps 3 similarly to the joining between the 
chips. With respect to the joining between the chip and 
the board, since the irregularities of the internal struc- 
ture is remarkable, the resin sheet batch joining is not 
carried out, but the resin filling is carried out on the basis 
of the method of injecting the liquid resin later. The size 
of the cavity is selected somewhat large, whereby the 
problems of the resin filling, i.e., the problems of the fill- 
ing property of the resin having the large filler containing 
rate and the generation of the voids are solved. In Fig. 
30, reference numeral 303 designates a solder resist 
film. 

[0090] According to the present embodiment, similar- 
ly to the case of Fig. 27, the system LSI can be con- 
structed at the package level, the yield can be improved 



38 

and hence it is possible to provide the system LSI pack- 
age of low cost. 

(Twenty-twoth Embodiment) 

5 

[0091] Fig. 31 shows another embodiment of the 
cross sectional structure of a multichip module employ- 
ing an organic board according to the present invention. 
In the figure, Au bumps 343 are respectively formed on 
io Al electrodes 342 on the surfaces of LSI chips 340 and 
341 by utilizing the ball bonding method or the plating 
method. An organic module board 344 is made of glass 
epoxy resin, and pads 343 for the internal connection 
are formed on the face on the chip side, while pads 346 
is for the external connection are formed on the face on 
the opposite side. Sn-based solder bumps 349 are re- 
spectively formed on the pads for the external connec- 
tion. Each of the pads for the internal connection has 
the structure in which the Cu core is plated with Ni/Au, 
and the Au bumps of the chip are metallically connected 
thereto. The space defined between the chips and the 
board is filled with thermosetting underfill resin 347 and 
348 containing the minute spheroidal fillers each having 
the low thermal expansion. The underfill resin filling ar- 
ea is formed in such a way as to be smaller than the chip 
size. The end face of the resin is formed in such a way 
as to be more outside than the end face of the chip and 
also to be more outside than the bumps at the most outer 
periphery. The LSI chips 340 and 341 are arranged in 
such a way as to hold the narrow gap of about 0.05 to 
about 2 mm, and the board size has the size equal to 
the size defined by the envelopes linking the most pe- 
ripheral sides of the arranged chips. 
[0092] According to the present embodiment, the un- 
der fill resin between the chips is cut off, and also the 
chips can be mounted so as to be close to each other. 
Therefore, the stress which is generated due to the ther- 
mal deformation of the under fill resin itself can be re- 
duced, and hence it is possible to provide the compact 
semiconductor module in which the reliability of the join- 
ing part is high and the mounting density is increased. 

(Twenty-threeth Embodiment) 

[0093] Fig. 32 shows another embodiment of the 
cross sectional structure of the multichip module em- 
ploying an organic board according to the present in- 
vention. In the figure, Au bumps 353 are respectively 
formed on Al electrodes 352 on the surfaces of LSI chips 
350 and 351 by utilizing the ball bonding method or the 
plating method. An organic module board 350 is made 
of glass epoxy resin, and pads 355 for the internal con- 
nection are formed on the face on the chip side, while 
pads 356 for the external connection are formed on the 
face on the opposite side. Sn-based solder bumps 360 
are respectively formed on the pads for the external con- 
nection. Each of the pads forthe internal connection has 
the structure in which the Cu core is plated with Ni/Au, 
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and the Au bumps 353 are formed thereon by utilizing 
the plating method or the ball bonding method. Then, 
the Au bumps of the board are metallically joined to 
those of the chips, respectively. The space defined be- 
tween the chips and the board is filled with thermosetting 5 
underfill resin 358 and 359 containing the minute sphe- 
roidal fillers each showing the low thermal expansion, 
and one side, on the chip mounting side, of the module 
board is molded with resin 361 in such a way as to cover 
the whole surface thereof. 10 
[0094] According to the present embodiment, since 
the Au bumps of the board and the Au bumps of the 
chips are joined to each other, the joining property can 
be improved, and the output level of the ultrasonic wave 
required for the joining can be reduced and hence the 15 
chip damage can be reduced. In addition, the gap de- 
fined between the chips and the board can be made 
wide, the stress which is generated in the Au bump join- 
ing part due to the thermal strain can be reduced and 
also the compressive force can be applied to the Au 20 
bump parts at all times on the basis of the contraction 
effect of the molded resin. Therefore, there is the ad- 
vantage that the temperature cycle life can be greatly 
lengthened. 

[0095] While the present invention has been particu- 25 
larly shown and described with reference to the pre- 
ferred embodiments, it will be understood that the vari- 
ous changes and modification will occur to those skilled 
in the art without departing from the scope and true spirit 
of the invention. The scope of the invention is therefore 30 
to be determined solely by the appended claims. 
[0096] With respect to the above description, the fol- 
lowing items (1) to (9) and (14) to (16) are further dis- 
closed herein. 

35 

(1) Flip chip assembly structure comprising: 

a semiconductor chip having a circuit for 
processing electrical signals; 

electrodes provided on said semiconductor 40 
chip; 

bumps which are respectively formed on said 
electrodes; 

internal connection terminals through which the 
electrical signal is fetched via the associated 45 
ones of said bumps from the associated ones 
of said electrodes; and 

a printed circuit board having said internal con- 
nection terminals provided thereon, 

50 

wherein a semi-cured resin sheet which is sof- 
tened by the application of the heat is inserted into 
a space defined between said semiconductor chip 
and said printed circuit board, and said bumps and 
said internal connection terminals are metallically 55 
joined to each other by the application of the load, 
the heat and the ultrasonic wave vibration. 

(2) Flip chip assembly structure according to the 



item (1), wherein each of said bumps is made of 
precious metal. 

(3) Flip chip assembly structure according to the 
item (2), wherein said precious metal is Au. 

(4) Flip chip assembly structure according to the 
item(1), (2) or (3), wherein a melting point of the 
metal material constituting the joining part which is 
obtained by the metallic joining is equal to or higher 
than 275 degrees and/or said resin sheet which is 
inserted into the space defined between said sem- 
iconductor chip and said printed circuit board con- 
tains 50 vol% or more inorganic fillers. 

(5) Flip chip assembly structure comprising: 

a semiconductor chip having a circuit for 
processing electrical signals; 
electrodes provided on said semiconductor 
chip- 
precious metal bumps which are respectively 
formed on said electrodes; 
internal connection terminals through which the 
electrical signal is fetched via the associated 
ones ofsaid bumps from the associated ones 
of said electrodes; and 

a printed circuit board having said internal con- 
nection terminals provided thereon,;- 

wherein said precious metal bumps and pre- 
cious metal films of said internal connection termi- 
nals are electrically connected through the metallic 
joining, and a space defined between said semicon- 
ductor chip and said printed circuit board has resin 
containing 50 vol% inorganic fillers. 

(6) Flip chip assembly structure comprising: 

a semiconductor chip having a circuit for 

processing electrical signals; 

electrodes provided on said semiconductor 

chip; 

bumps which are respectively formed on said 
electrodes; 

internal connection terminals through which the 
electrical signal is fetched via the associated 
ones of said bumps from the associated ones 
of said electrodes; and 

a printed circuit board having said internal con- 
nection terminals provided thereon, 

wherein said electrodes and said internal con- 
nection terminals are electrically connected to each 
other through said precious metal bumps, respec- 
tively, the electrical resistance of each of the con- 
nection parts is in the range of 0.1 to 10 ma, and a 
space defined between said semiconductor chip 
and said printed circuit board has resin containing 
50 vol% inorganic fillers. 

(7) Flip chip assembly structure, wherein metal 
electrodes of a semiconductor chip and internal 
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connection terminals of a printed circuit board are 
electrically connected to each other through pre- 
cious metal bumps, respectively, by the metallic 
joining, a melting point of a metal material constitut- 
ing each of the connection parts is equal to or higher 
than 275 degrees, and a space defined between 
said semiconductor chip and said printed circuit 
board has resin containing 50 vol% inorganic fillers. 

(8) Flip chip assembly structure according to any 
one of the items (1 ) to (7), wherein the particle size 
of said inorganic fillers is equal to or smaller than 
1/3 of the bump height after completion of the com- 
pression joining. 

(9) Flip chip assembly structure according to any 
one of the items (1) to (8), wherein the thermal ex- 
pansion coefficient of each of said inorganic fillers 
is lower than that of said organic resin. 

(14) A method of loading a semiconductor chip on 
a printed circuit board in a face down manner, a flip 
chip assembly method comprising: the process of 
forming precious metal bumps on electrodes of said 
semiconductor chip; the process of placing a semi- 
cured resin sheet containing 50 vol% or more inor- 
ganic fillers on a predetermined position on said 
printed circuit board to load thereon said semicon- 
ductor chip with said precious metal bumps aligned 
with internal connection terminals of said printed cir- 
cuit board; and the process of after having applied 
from the rear face side of said semiconductor chip, 
the heat, the load and the ultrasonic wave by a join- 
ing tool to push said precious metal bumps into said 
resin sheet and processing said precious metal 
bumps thereagainst to join compressively said pre- 
cious metal bumps to a precious metal film formed 
on said internal connection terminals, carrying out 
the heating processing to cure said resin sheet. 

(15) A method of loading a semiconductor chip on 
a printed circuit board in a face down manner, a flip 
chip assembly method comprising: the process of 
forming precious metal bumps on electrodes of said 
semiconductor chip; the process of placing a plural- 
ity sheets of semi-cured resin sheets having differ- 
ent containing rates of inorganic fillers on a prede- 
termined position on said printed circuit board to 
load thereon said semiconductor chip with said pre- 
cious metal bumps aligned with internal connection 
terminals of said printed circuit board; and the proc- 
ess of after having applied from the rear face side 
of said semiconductor chip, the heat, the load and 
the ultrasonic wave by a joining tool to push said 
precious metal bumps into said resin sheet and 
processing said precious metal bumps thereagainst 
to join compressively said precious metal bumps to 
a precious metal film formed on said internal con- 
nection terminals, carrying out the heating process- 
ing to cure said resin sheet. 

(1 6) For use in flip chip assembly structure accord- 
ing to the item (14) or (15), a flip chip assembly 



method wherein each of said inorganic fillers has a 
spheroidal shape, and the particle size of said fillers 
is selected in such a way as to become equal to or 
smaller than 1 /3 of the bump height after completion 
of the compression joining. 



Claims 



10 1. Flip chip assembly structure comprising: 



a semiconductor chip (1) having a circuit for 

processing electrical signals; 

electrodes provided (2) on said semiconductor 

chip; 

bumps (3) which are respectively formed on 
said electrodes (2); 

internal connection terminals (5) through which 
the electrical signal is fetched via the associat- 
ed ones of said bumps from the associated 
ones of said electrodes; and 
a printed circuit board (4) having said internal 
connection terminals provided thereon, 
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wherein a semi-cured resin sheet which is sof- 
tened by the application of the heat is inserted into 
a space defined between said semiconductor chip 
(1) and said printed circuit board (4), and said 
bumps (3) and said internal connection terminals 
(5) are metallically joined to each other by the ap- 
plication of the load, the heat and the ultrasonic 
wave vibration. 

2. Flip chip assembly structure according to claim 1 , 
wherein each of said bumps is made of precious 
metal. 

3. Flip chip assembly structure according to claim 2, 
wherein said precious metal is Au. 

4. Flip chip assembly structure according to claim 1 , 
wherein a melting point of the metal material con- 
stituting the joining part which is obtained by the me- 
tallic joining is equal to or higher than 275 degrees 
and/or said resin sheet which is inserted into the 
space defined between said semiconductor chip 
and said printed circuit board contains 50 vol% or 
more inorganic fillers. 

5. Flip chip assembly structure comprising: 

a semiconductor chip (1) having a circuit for 

processing electrical signals; 

electrodes (2) provided on said semiconductor 

chip; 

precious metal bumps (3) which are respective- 
ly formed on said electrodes; 
internal connection terminals (5) through which 
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the electrical signal is fetched via the associat- 
ed ones of said bumps from the associated 
ones of said electrodes; and 
a printed circuit board (4) having said internal 
connection terminals provided thereon, 5 

wherein said precious metal bumps and pre- 
cious metal films of said internal connection termi- 
nals are electrically connected through the metallic 
joining, and a space defined between said semicon- 10 
ductor chip and said printed circuit board has resin 
containing 50 vol% inorganic fillers. 

6. Flip chip assembly structure comprising: 



a semiconductor chip (1 ) having a circuit for 

processing electrical signals; 

electrodes (2) provided on said semiconductor 

chip; 

bumps (3) which are respectively formed on 
said electrodes; 

internal connection terminals (5) through which 
the electrical signal is fetched via the associat- 
ed ones of said bumps from the associated 
ones of said electrodes; and 
a printed circuit board (4) haying said internal 
connection terminals provided thereon, 

wherein said electrodes and said internal con- 
nection terminals are electrically connected to each 
other through said precious metal bumps, respec- 
tively, the electrical resistance of each of the con- 
nection parts is in the range of 0.1 to 10 mil, and a 
space defined between said semiconductor chip 
and said printed circuit board has resin containing 
50 vol% inorganic fillers. 

7. Flip chip assembly structure, wherein metal elec- 
trodes of a semiconductor chip and internal connec- 
tion terminals of a printed circuit board are electri- 
cally connected to each other through precious met- 
al bumps, respectively, by the metallic joining, a 
melting point of a metal material constituting each 
of the connection parts is equal to or higher than 



10. Flip chip assembly structure in which metal elec- 
trodes (2) of a semiconductor chip (1) and internal 
connection terminals (5) of a printed circuit board 
(4) are electrically connected to each other through 
precious metal bumps, respectively, by the metallic 
joining, and a melting point of a metal material con- 
taining each of the connection parts is equal to or 
higher than 275 degrees, said structure being char- 
acterized in that a space defined between said 
chip and said board is filled with resin containing 
inorganic filler and the coefficient of thermal expan- 
sion of a part near said board of said resin is higher 
than that of a part near said chip of said resin. 

15 11. Flip chip assembly structure in which metal elec- 
trodes of a semicon d uctor ch ip and i nternal co n n ec- 
tion terminals (5) of a printed circuit board (4) are 
electrically connected to each other through pre- 
cious metal bumps (3), respectively, by the metallic 

20 joining, and a melting point of a metal material con- 
taining each of the connection parts is equal to or 
higher than 275 degrees, said structure being char- 
acterized in that a space defined between said 
chip and said board is filled with resin containing 

25 inorganic filler, and the containing-jrate of said or- 
ganic fillers which are contained in?said resin and 
which are near said board is lower.tnan that of said 
inorganic fillers which are contained in said resin 
and which are near said chip. 

30 ;, 

12. Flip chip assembly structure in which metal elec- 
trodes of a semiconductor chip and internal connec- 
tion terminals of a printed circuit board are electri- 
cally connected to each otherthrough precious met- 

35 al bumps, respectively, by the metallic joining, and 
a melting point of a metal material containing each 
of the connection parts is equal to or higher than 
275 degrees, said structure being characterized in 
that a space defined between said chip and said 
board is filled with resin containing inorganic filler, 
and the fluctuation of the containing rate of said in- 
organic fillers which is dependent on the places is 
equal to or lower than 10 %. 

13. Flip chip assembly structure in which metal elec- 
trodes of a semiconductor chip and internal connec- 
tion terminals of a printed circuit board are electri- 
cally connected to each otherthrough precious met- 
al bumps, respectively, by the metallic joining, and 
a melting point of a metal material containing each 
of the connection parts is equal to or higher than 
275 degrees, said structure being characterized in 
that a space defined between said chip and said 
board is filled with resin containing inorganic filler, 
and the end face of said resin is formed in such a 
way as to be more inside than the end face of said 
chip and to be more outside than the most periph- 
eral bumps. 



275 degrees, and a space defined between said *5 
semiconductor chip and said printed circuit board 
has resin containing 50 vol% inorganic fillers. 

8. Flip chip assembly structure according claim 5, 
wherein the particle size of said inorganic fillers is so 
equal to or smaller than 1/3 of the bump height after 
completion of the compression joining. 

9. Flip chip assembly structure according claim 5, 
wherein thecoefficient of thermal expansion of each 55 
of said inorganic fillers is lower than that of said or- 
ganic resin. 
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14. A method of loading a semiconductor chip (1) on a 
printed circuit board (4) in a face down manner, a 
flip chip assembly method comprising: the process 
of forming precious metal bumps (3) on electrodes 
(2) of said semiconductor chip (1); the process of 
placing a semi-cured resin sheet containing 50 
vol% or more inorganic fillers on a predetermined 
position on said printed circuit board to load thereon 
said semiconductor chip with said precious metal 
bumps aligned with internal connection terminals of 
said printed circuit board; and the process of after 
having applied from the rear face side of said sem- 
iconductor chip (1 ), the heat, the load and the ultra- 
sonic wave by a joining tool to push said precious 
metal bumps into said resin sheet and processing 
said precious metal bumps thereagainst to join 
compressively said precious metal bumps to a pre- 
cious metal film formed on said internal connection 
terminals, carrying out the heating processing to 
cure said resin sheet. 

15. A method of loading a semiconductor chip (1) on a 
printed circuit board (4) in a face down manner, a 
flip chip assembly method comprising: the process 
of forming precious metal bumps (3) on electrodes 
(2) of said semiconductor chip (1); the process of 
placing a plurality sheets of semi-cured resin sheets 
having different containing rates of inorganic fillers 
on a predetermined position on said printed circuit 
board to load thereon said semiconductor chip with 
said precious metal bumps aligned with internal 
connection terminals of said printed circuit board; 
and the process of after having applied from the rear 
face side of said semiconductor chip, the heat, the 
load and the ultrasonic wave by a joining tool to 
push said precious metal bumps into said resin 
sheet and processing said precious metal bumps 
thereagainst to join compressively said precious 
metal bumps to a precious metal film formed on said 
internal connection terminals, carrying out the heat- 
ing processing to cure said resin sheet. 

16. For use in flip chip assembly structure according to 
claim 1 4, a flip chip assembly method wherein each 
of said inorganic fillers has a spheroidal shape, and 
the particle size of said fillers is selected in such a 
way as to become equal to or smaller than 1/3 of 
the bump height after completion of the compres- 
sion joining. 

17. A method of loading a semiconductor chip (1) on a 
printed circuit board (4) in a face down manner, a 
flip chip assembly comprising: the process of form- 
ing precious metal bumps (3) on electrodes (2) of 
said semiconductor chip (1 ); the process of forming 
a film made of a low melting point metal on internal 
connection terminals of said printed circuit board 
(4); the process of placing a resin sheet on a pre- 



determined position on said printed circuit board (4) 
to load thereon said semiconductor chip (1) with 
said bumps (3) aligned with said connection termi- 
nals; and the process of after having applied, from 
the rear face side of said semiconductor chip, the 
heat, the load and the ultrasonic wave by a joining 
tool to push said precious metal bumps into an or- 
ganic film, and pressing said precious metal bumps 
while applying the ultrasonic wave to the surfaces 
of said low melting point metal film on said connec- 
tion terminals, to carry out the compression joining 
while exhausting the melted low melting point alloy 
from the composition interface to release said join- 
ing tool, further carrying out the heating processing 
to cure said organic film to diffuse the low melting 
point metal remaining in the interface to the side of 
said bumps and said terminals in such a way that 
each of the joining parts has a high melting point. 

18. A flip chip assembly method according to claim 1 7, 
wherein said low melting point metal is either an al- 
loy containing, as the main constituent, Sn, In, Ga, 
Bi or Tl, or single metal which is selected therea- 
mong. 

19. A semiconductor package in which a semiconduc- 
tor chip (1) is located on a printed circuit (4) board 
in a face down manner, said package being char- 
acterized in that bumps made of precious metal 
which are respectively formed on electrodes of said 
semiconductor chip are metallically joined to a pre- 
cious metal film which is formed on internal connec- 
tion terminals of said printed circuit board, a space 
defined between said semiconductor chip and said 
printed circuit board is filled with resin containing 50 
vol% or more inorganic fillers, and the rear face of 
said printed circuit board which is not electrically 
connected to said semiconductor chip has external 
connection terminals. 

20. A semiconductor package according to claim 19, 
wherein the material of said board is glass epoxy 
resin, and the filler particle size of the resin with 
which the face, having said semiconductor chip 
loaded thereon, of said printed circuit board is dif- 
ferent from that of the resin with which a space de- 
fined between said semiconductor chip and the 
printed circuit board is filled. 

21. A semiconductor module in which a semiconductor 
chip (1) is loaded on a printed circuit board (4) in a 
face down manner, and other active components 
and/or passive components are loaded on said 
printed circuit board (4) ; said module being charac- 
terized in that bumps made of precious metal 
which are respectively formed on electrodes of said 
semiconductor chip are metallically joined to a pre- 
cious metal film which is formed on internal connec- 
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tion terminals of said printed circuit board, a space 
defined between said semiconductor chip and said 
printed circuit board is filled with resin containing 50 
vol% or more inorganic fillers, and the rear face of 
said printed circuit board which is not electrically 5 
connected to said semiconductor chip has external 
connection terminals. 
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FIG. 12 
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FIG. 25 
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